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WHAT IS CLAIMED IS: 

> 

1. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least one portion of the 
formation; / 

allowing the heat to transfer from the one or nuDre heat sources to a selected 
section of the formation; / 

controlling the heat from the one or more hea| sources such that an average 
temperature within at least a majority of the selected /section of the formation is less than 
about 375 °C; and j 

producing a mixture from the formation. / 

2. The method of claim 1, wherein the one or more heat sources comprise at least two 
heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

3. The method of claim 1, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. / 

4. The method of claim 1, wherein the one or more heat sources comprise electrical 
heaters. / 

5. The method of claim 1, wherein the one or more heat sources comprise surface 
burners. / 

6. The method of claim 1, wherein the one or more heat sources comprise flameless 
distributed combustors. / 

7. The method of claim 1, wherein me one or more heat sources comprise natural 
di stributed combustors . I 
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8. The method of claim 1 , further comprising controlling a pressure and a temperature 
within at least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperalture is controlled as a function of 



pressure. 



9. The method of claim 1 , further comprising controlling a pressure within at least a 
majority of the selected section of the formation yith a valve coupled to at least one of 
the one or more heat sources. 

10. The method of claim 1, further comprising/controlling a pressure within at least a 
majority of the selected section of the formation with a valve coupled to a production 
well located in the formation. 

11. The method of claim 1, further comprising controlling the heat such that an average 
heating-rate of the selected section is less than about 1 °C per day during pyrolysis. 



12. The method of claim 1, wherein providing heat from the one or more heat sources to 
at least the portion of formation comprises: 

heating a selected volume {m of the hydrocarbon containing formation from the 
one or more heat sources, wherein /he formation has an average heat capacity(C v ), and 
wherein the heating pyrolyzes at l^ast some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr =h*V*C v *p B 



wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation buljk density, and wherein the heating rate is less than about 10 
°C/day. 



\ 
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13. The method of claim 1, wherein allowing the heat to transfer from the one or more 
heat sources to the selected section comprises transferring heat substantially by 
conduction. 



14. The method of claim 1, wherein providing heat from the one or more heat sources 
comprises heating the selected section such thai a thermal conductivity of at least a 
portion of the selected section is greater than about 0.5 W/(m °C). 



15. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

16. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 °/f> by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins^ 

17. The method of claim 1, whereiiythe produced mixture comprises non-condensable 
hydrocarbons, and wherein a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from about 0.001 to about 0.15. 

18. The method of claim 1, wherein the produced mixture comprises non-condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the non- 
condensable hydrocarbons are olefins. 

19. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Aess than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



20. The method of claim A, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensablcf hydrocarbons is oxygen. 
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21. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. j 



22. The method of claim 1 , wherein the produced fixture comprises condensable . , 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur/ 

23. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about/ 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

24. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromfatics with more than two rings. 

25. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

26. The method of claim 1, whereip the produced mixture comprises condensable 
hydrocarbons, and wherein about 75 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

27. The method of claim 1, wherein the produced mixture comprises a non-condensable 
component, wherein the non-cpndensable component comprises hydrogen, and wherein 
the hydrogen is greater than apout 1 0 % by volume of the non-condensable component 
and wherein the hydrogen is less than about 80 % by volume of the non-condensable 
component. / 
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28. The method of claim 1, wherein the produced mature comprises ammonia, and 
wherein greater than about 0.05 % by weight of the^produced mixture is ammonia. 



29. The method of claim 1, wherein the produced mixture comprises ammonia, and 

wherein the ammonia is used to produce fertilizer. 

/ 

30. The method of claim 1 , further comprising controlling a pressure within at least a 
majority of the selected section of the forn/ation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 



3 1 . The method of claim 1 , further comprising controlling formation conditions such that 
the produced mixture comprises a partial pressure of H2 within the mixture greater than 
about 0.5 bar. 

32. The method of claim 3 1 , wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

33. The method of claim 1, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

34. The method of claim 1, further comprising altering a pressure within the formation to 
inhibit production of hydrocarbons from the formation having carbon numbers greater 
than about 25. 

35. The method of claim 1/ further comprising: 

providing hydrogepi (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion /of the section with heat from hydrogenation. 
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36. The method of claim 1, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further Comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at Lfcast a portion of the produced hydrogen. 

37. The method of claim 1, wherein allowing the heat to transfer comprises increasing a 
permeability of a majority of the selected/section to greater than about 100 millidarcy. 

38. The method of claim 1, wherein allowing the heat to transfer comprises substantially 
uniformly increasing a permeability oi a majority of the selected section. 

39. The method of claim 1, further comprising controlling the heat to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

40. The method of claim 1, wherein producing the mixture comprises producing the 
mixture in a production well, and wherein at least about 7 heat sources are disposed in the 
formation for each productioiy well. 

41. The method of claim 1, further comprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three or more of the heat sources 
are located in the formation in a unit of heat sources, and wherein the unit of heat sources 
comprises a triangular pattern. 

42. The method of claim 1, further comprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three or more of the heat sources 
are located in the formation in a unit of heat sources, wherein the unit of heat sources 
comprises a triangular pattern, and wherein a plurality of the units are repeated over an 
area of the formation to form a repetitive pattern of units. 

43. The method of claim 1, further comprising separating the produced mixture into a gas 
stream and a liqufid stream. 
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44. The method of claim 1, further comprising separating the produced mixture into a gas 
stream and a liquid stream and separating ' the liquid stream into an aqueous stream and a 
non-aqueous stream. 

/ 

45. The method of claim 1, wherein th^ produced mixture comprises H2S, the method 
further comprising separating a portion of the H2S from non-condensable hydrocarbons. 

46. The method of claim 1, wherein the produced mixture comprises CO2, the method 
further comprising separating a portion of the CO2 from non-condensable hydrocarbons. 

47. The method of claim 1, wherein the mixture is produced from a production well, 
wherein the heating is controlled such that the mixture can be produced from the 
formation as a vapor. 

48. The method of claim 1 , wherein the mixture is produced from a production well, the 
method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixtuije within the wellbore. 

49. The method of claim/l, wherein the mixture is produced from a production well, 
wherein a wellbore of tf/e production well comprises a heater element configured to heat 
the formation adjacent to the wellbore, and further comprising heating the formation with 
the heater element to produce the mixture, wherein the mixture comprises a large non- 
condensable hydrocarbon gas component and H2. 

50. The method of claim 1, wherein the minimum pyrolysis temperature is about 270 °C. 



51. The method of 
formation above 
numbers above 25 



rlaim 1 , further comprising maintaining the pressure within the 
atfout 2.0 bar absolute to inhibit production of fluids having carbon 
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52. The method of claim 1, further comprising controlling pressure within the formation 
in a range from about atmospheric pressure to about 100 bar, as measured at a wellhead 
of a production well, to control an amount of condensable hydrocarbons within the 
produced mixture, wherein the pressure /is reduced to increase production of condensable 
hydrocarbons, and wherein the pressure is increased to increase production of non- 
condensable hydrocarbons. 



53. The method of claim 1, further comprising controlling pressure within the formation 
in a range from about atmospheric Pressure to about 100 bar, as measured at a wellhead 
of a production well, to control aiy API gravity of condensable hydrocarbons within the 
produced mixture, wherein the pressure is reduced to decrease the API gravity, and 
wherein the pressure is increased to reduce the API gravity. 

54. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from onp or more heat sources to at least a portion of the 
formation; 

allowing the heat to ti/ansfer from at least the portion to a selected section of the 
formation substantially by conduction of heat; 

pyrolyzing at least ^ome hydrocarbons within the selected section of the 
formation; and 

producing a mixture from the formation. 

55. The method of claim 54, wherein the one or more heat sources comprise at least two 
heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



56. The method of cl^im 54, wherein the one or more heat sources comprise electrical 
heaters. 



57. The method of c 
burners. 



aim 54, wherein the one or more heat sources comprise surface 
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58. The method of claim 54 5 wherein throne or more heat sources comprise flameless 
distributed combustors. j 

59. The method of claim 54, wherein the one or more heat sources comprise natural 
distributed combustors. 



60. The method of claim 54, further comprising controlling a pressure and a temperature 
within at least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 

61. The method of claim 54, further comprising controlling the heat such that an average 
heating rate of the selected section is less than about 1 .0 ° C per day during pyrolysis. 

62. The method of claim 54, wherein providing heat from the one or more heat sources to 
at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyroljpes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating ehergy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculate/! by the equation: 
Pwr = h*V*C v ** B 

wherein Pwr is fhe heating energy/day, h is an average heating rate of the 
formation, pB is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



63. The method of claim 54, wherein providing heat from the one or more heat sources 
comprises heating the selected section such that a thermal conductivity of at least a 
portion of the selected section is greater than about 0.5 W/(m °C). 
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64. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

65. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about o/l % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



66. The method of claim 54, wherein the produced mixture comprises non-condensable 
hydrocarbons, and wherein a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from about 0.001 to about 0.15. 

67. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

68. The method of claim 34, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

69. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



70. The method of olaim 54, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



\ 
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71 . The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



72. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring <pomatics with more than two rings. 

73 . The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tl/an about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

74. The method of claim 54, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons arie cycloalkanes. 

75. The method of claim 54, wherein the produced mixture comprises a non-condensable 
component, wherein the non-condensable component comprises hydrogen, wherein the 
hydrogen is greater than about 10 % by volume of the non-condensable component, and 
wherein the hydrogen is/less than about 80 % by volume of the non-condensable 
component. 

76. The method of claim 54, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

77. The method of olaim 54, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

78. The method od claim 54, further comprising controlling a pressure within at least a 
majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 
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79. The method of claim 54, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.3 bar. 

80. The method of claim 79, wherein the/partial pressure of H2 is measured when the 
mixture is at a production well. 

81 . The method of claim 54, further comprising altering a pressure within the formation 
to inhibit production of hydrocarbons/from the formation having carbon numbers greater 
than about 25. 

82. The method of claim 54, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen/from the mixture into the formation. 

83. The method of claim 54, further comprising: 

providing hydrogen '(H2) /o .the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the Section with heat from hydrogenation. 

84. The method of claim 54, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



85. The method of claim 54t, wherein allowing the heat to transfer comprises increasing a 
permeability of a majority pf the selected section to greater than about 100 millidarcy. 



86. The method of claim 



4, wherein allowing the heat to transfer comprises substantially 



uniformly increasing a peimeability of a majority of the selected section. 
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87. The method of claim 54, further comprising controlling the heat to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

88. The method of claim 54, wherein producing the mixture comprises producing the 
mixture in a production well, and wherein at least about 7 heat sources are disposed in the 
formation for each production well. / 

89. The method of claim 54, further comprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three or more of the heat sources 
are located in the formation in a unit of heat sources, and wherein the unit of heat sources 
comprises a triangular pattern. / 

90. The method of claim 54, further comprising providing heat from three or more heat 
sources to at least a portion of thk formation, wherein three or more of the heat sources 
are located in the formation in a unit of heat sources, wherein the unit of heat sources 
comprises a triangular pattern, and wherein a plurality of the units are repeated over an 
area of the formation to form a repetitive pattern of units. 

91. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; / 

allowing the heat t© transfer from the one or more heat sources to a selected 
section of the formation; and 

heating the selected section such that a thermal conductivity of at least a portion 
of the selected section is/greater than about 0.5 W/(m °C). 

92. The method of claim 91, wherein the one or more heat sources comprise at least two 
heat sources, and when in superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

1 
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93. The method of claim 91 , wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

/ 

94. The method of claim 91, wherein the one or more heat sources comprise electrical 
heaters. j 

95. The method of claim 91, wherein the one or more heat sources comprise surface 
burners. / 

96. The method of claim 91, wherein the one or more heat sources comprise flameless 
distributed combustors. / 

97. The method of claim 91, wherein the one or more heat sources comprise natural 
distributed combustors. / 

98. The method of claim 9 f, further comprising controlling a pressure and a temperature 
within at least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function or temperature, or the temperature is controlled as a function of 
pressure. / 

99. The method of claim 91, further comprising controlling the heat such that an average 
heating rate of the selected section is less than about 1 °C per day during pyrolysis. 

1 00. The method ©f claim 91 , wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat scurces, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

\ 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr =/2*F*C v */? B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and^ wherein the heating rate is less than about 10 
°C/day. 

101 . The method of claim 91, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

102. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

103. The method of claim 91, wMerein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

104. The method of claim 91 J wherein the produced mixture comprises non- 
condensable hydrocarbons, ancy wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

105. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



106. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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107. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



108. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weigh/to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols 

109. The method of claim 91 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

110. The method of claim 91 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

111. The method of claim 9A , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1 12. The method of claipi 91, wherein the produced mixture comprises condensable 
hydrocarbons, and where/n about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

113. The method of dlaim 91, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 




290 



Conley, Rose & Tayon, P.C. 



# 



1 14. The method of claim 91, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

115. The method of claim 91, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

1 16. The method of claim 91 , further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

1 17. The method of claim 91 , further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

1 1 8. The method of claim 1 1 7, ^herein the partial pressure of H2 is measured when the 
mixture is at a production well. 

1 1 9. The method of claim 91 / further comprising altering a pressure within the 
formation to inhibit productiory of hydrocarbons from the formation having carbon 
numbers greater than about 2i 

120. The method of clainy 91, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



121. The method of claim 9 1 , further comprising: 

providing hydrogpn (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portiorf of the section with heat from hydrogenation. 
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122. The method of claim 91 , wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method furthe^omprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

/ 
/ 

123. The method of claim 91, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority oythe selected section to greater than about 100 
millidarcy. / 

124. The method of claim 91, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

125. The method of claim 91, further comprising controlling the heat to yield greater 
than about 60 % by weight of condfensable hydrocarbons, as measured by the Fischer 
Assay. / 

126. The method of claim 91, wherein producing the mixture comprises producing the 
mixture in a production well, and wherein at least about 7 heat sources are disposed in the 
formation for each production well. 

127. The method of claim A) 1, further comprising providing heat from three or more 
heat sources to at least a potition of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

128. The method of claim 91, further comprising providing heat from three or more 
heat sources to at least a/portion of the formation, wherein three or more of the heat 
sources are located in tme formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

129. A method of treating a hydrocarbon containing formation in situ, comprising: 



292 



Conley, Rose & Tayon, P.C. 



providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected section of the formation is less than 
about 370 °C such that production of a substantial amount of hydrocarbons having carbon 
numbers greater than 25 is inhibited; / 

controlling a pressure within at /east a majority of the selected section of the 
formation, wherein the controlled pressure is at least 2.0 bar; and 

producing a mixture from the/formation, wherein about 0.1 % by weight of the 
produced mixture to about 15 % by weight of the produced mixture are olefins, and 
wherein an average carbon number/of the produced mixture ranges from 1-25. 

130. The method of claim 129/wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

131. The method of claim V29, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. / 

132. The method of claini 129, wherein the one or more heat sources comprise 
electrical heaters. / 

133. The method of dlaim 129, wherein the one or more heat sources comprise surface 
burners. / 

1 34. The method of claim 1 29, wherein the one or more heat sources comprise 
flameless distributed/combustors. 
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135. The method of claim 129, wherein the one or more heat sources comprise natural 
distributed combustors. 

136. The method of claim 129, further comprising/controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

137. The method of claim 129, further comprising controlling the heat such that an 
average heating rate of the selected section isAess than about 1 °C per day during 
pyrolysis. / 

1 38. The method of claim 129, whereinrcroviding heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of ihe hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

139. The method of claim 
transferring heat substantiallj 

140. The method of claim 129, wherein providing heat from the one or more heat 
sources comprises heating/the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



(29, wherein allowing the heat to transfer comprises 
by conduction. 
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141. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

142. The method of claim 129, wherein me produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

143. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than anout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

144. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

145. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

146. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

147. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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148. The method of claim 129, wherein the produc/d mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics witli more than two rings. 



149. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0^ % by weight of the condensable 
hydrocarbons are asphaltenes. 

150. The method of claim 129, wherem the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloa^Kanes. 

151. The method of claim 129, v/herein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hyarogen is less than about 80 % by volume of the non- 
condensable component. 

152. The method of claim/129, wherein the produced mixture comprises ammonia, and 
wherein greater than about 6.05 % by weight of the produced mixture is ammonia. 

153. The method of claim 129, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is Aised to produce fertilizer. 

154. The method of claim 129, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H2 
within the mixture is/greater than about 0.5 bar. 



155. The method 
mixture is at a prod 



of claim 154, wherein the partial pressure of H2 is measured when the 
action well. 
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1 56. The method of claim 129, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 



157. The method of claim 129, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section wifh heat from hydrogenation. 

158. The method of claim 129, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons Avith at least a portion of the produced hydrogen. 

159. The method of claim 129, wherein allowing the heat to transfer comprises 
increasing a permeability of a ma/ority of the selected section to greater than about 100 
millidarcy. / 

160. The method of claim 129, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

161 . The method of claim 129, further comprising controlling the heat to yield greater 
than about 60 % by weight/of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

162. The method of clium 129, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

163. The method of claim 129, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 




297 



Conley, Rose & Tayon, P.C. 




sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 



164. The method of claim 129, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

165. The method of claim 129, further comprising separating the produced mixture 
into a gas stream and a liquid stream. 

166. The method of claim 1297further comprising separating the produced mixture 
into a gas stream and a liquid stream and separating the liquid stream into an aqueous 
stream and a non-aqueous stream. 

167. The method of claim 129, wherein the produced mixture comprises H 2 S, the 
method further comprising separating a portion of the H2S from non-condensable 
hydrocarbons. / 

168. The method of chpm 129, wherein the produced mixture comprises CO2, the 
method further comprising separating a portion of the CO2 from non-condensable 
hydrocarbons. / 

169. The method on claim 129, wherein the mixture is produced from a production 
well, wherein the heating is controlled such that the mixture can be produced from the 
formation as a vapon 

1 70. The method/of claim 1 29, wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the! mixture within the wellbore. 
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171. The method of claim 129, wherein the mixture is produced from a production 
well, wherein a wellbore of the productioywell comprises a heater element configured to 
heat the formation adjacent to the wellbore, and further comprising heating the formation 
with the heater element to produce the mixture, wherein the produced mixture comprise a 
large non-condensable hydrocarbon gas/component and H2. 

172. The method of claim 129, wherein the minimum pyrolysis temperature is about 
270 °C. / 

lirther comprising maintaining the pressure within the 
►lute to inhibit production of fluids having carbon 

1 74. The method of claim 129^, further comprising controlling pressure within the 
formation in a range from aboui atmospheric pressure to about 1 00 bar absolute, as 
measured at a wellhead of a production well, to control an amount of condensable fluids 
within the produced mixture, wherein the pressure is reduced to increase production of 
condensable fluids, and wheyein the pressure is increased to increase production of non- 
condensable fluids. / 

1 75. The method of claim 129, further comprising controlling pressure within the 
formation in a range fromf about atmospheric pressure to about 100 bar absolute, as 
measured at a wellhead of a production well, to control an API gravity of condensable 
fluids within the produced mixture, wherein the pressure is reduced to decrease the API 
gravity, and wherein the pressure is increased to reduce the API gravity. 

176. A method oft 
providing hea] 

formation; 



173. The method of claim 129, i 
formation above about 2.0 bar absi 
numbers above 25. / 



sating a hydrocarbon containing formation in situ, comprising: 
: from one or more heat sources to at least a portion of the 
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allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

controlling a pressure within at least a majority of the selected section of the 
formation, wherein the controlled pressure is at least about 2.0 bar absolute; and 

producing a mixture from the formation. 

1 77. The method of claim 1 76, wherein controlling the pressure comprises controlling 
the pressure with a valve coupled to at least one of the one or more heat sources. 

178. The method of claim 1 76, wherein controlling the pressure comprises controlling 
the pressure with a valve coupled to ia production well located in the formation. 

179. The method of claim 176, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

180. The method of claim 176/ wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. / 

181. The method of claim lf76, wherein the one or more heat sources comprise 
electrical heaters. / 

1 82. The method of claim/ 1 76, wherein the one or more heat sources comprise surface 
burners. / 

1 83. The method of claim 176, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1 84. The method of clai] 
distributed combustors. 



1 76, wherein the one or more heat sources comprise natural 
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1 85. The method of claim 1 76, further comprising controlling a temperature within at 
least a majority of the selected section of th/ formation, wherein the pressure is 
controlled as a function of temperature, or/the temperature is controlled as a function of 
pressure. 



186. The method of claim 176, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

187. The method of claim 176, therein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume/(F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and I 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by/the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the Heating energy/day, h is an average heating rate of the 
formation, p B is formation pulk density, and wherein the heating rate is less than about 10 
°C/day. 

188. The method of cl4im 176, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



1 89. The method of claim 176, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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190. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



191 . The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by/ weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

192. The method of claim 176, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges fifom about 0.001 to about 0.15. 

193. The method of claim 176/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lessAhan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1 94. The method of clairry 1 76, wherein the produced mixture comprises condensable 
hydrocarbons, and whereby less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

195. The method of cflaim 1 76, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

196. The method of claim 1 76, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

197. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbonsjand wherein greater than about 20 % by weight of the condensable 
hydrocarbons lare aromatic compounds. 
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198. The method of claim 176, wherein the produced mixture comprises condensable 

/ 

hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



199. The method of claim 176; wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

200. The method of claim A 76, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

201 . The method of chpm 1 76, wherein the produced mixture comprises a non- 
condensable component/ wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

202. The method pf claim 176, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

203. The method of claim 176, wherein the produced mixture comprises ammonia, and 
wherein the ammfonia is used to produce fertilizer. 



204. The method of claim 176, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



205. The m 
mixture is at a 



thod of claim 204, wherein the partial pressure of H2 is measured when the 
production well. 



\ 
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206. The method of claim 176, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



207. The method of claim 176, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen froq/4 the mixture into the formation. 

208. The method of claim 176, further comprising: 
providing hydrogen (H2) to tfye heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

209. The method of claim 176,/wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

210. The method of claim l/76, wherein allowing the heat to transfer comprises 
increasing a permeability of ^ majority of the selected section to greater than about 100 
millidarcy. 

211. The method of claim 1 76, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

212. The method of claim 1 76, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



213. The method of/claim 1 76, wherein producing the mixture from the formation 
comprises producing the mixture in a production well, and wherein at least about 7 heat 
sources are disposed i 1 the formation for each production well. 
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214. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the/one or more heat sources to a selected 
section of the formation; and / 

controlling a pressure within at least a majority of the selected section of the 
formation, wherein the controlled pressure is at least about 2.0 bar absolute; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majorityyof the selected section of the formation is less than 
about 375 °C; and / 

producing a mixture from tMe formation. 

215. The method of claim 214, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

216. The method of claim 214, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. / 

217. The method oy claim 214, wherein the one or more heat sources comprise 
electrical heaters. / 

218. The method of claim 214, wherein the one or more heat sources comprise surface 
burners. / 

219. The method of claim 214, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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220. The method of claim 214, wherein the one $r more heat sources comprise natural 
distributed combustors. 

221 . The method of claim 214, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

222. The method of claim 214, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

223. The method of claim 214, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (w) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes ayleast some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by/the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the Aieating energy/day, h is an average heating rate of the 
formation, p B is formatioi/bulk density, and wherein the heating rate is less than about 10 
°C/day. 

224. The method of claim 214, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



225. The method pf claim 214, wherein providing heat from the one or more heat 
30 sources comprises Heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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226. The method of claim 2 14, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least abQut 25°. 

227. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

228. The method of claim 214, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein/about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

229. The method of claim 214, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges irom about 0.001 to about 0.15. 

230. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

23 1 . The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensabWhydrocarbons is oxygen. 

232. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

233. The method/of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



234. The method of claim 214, whecein 
hydrocarbons, and wherein greater than 
hydrocarbons are aromatic compound: 



in the produced mixture comprises condensable 
about 20 % by weight of the condensable 



235. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring arpmatics with more than two rings. 

236. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than pbout 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

237. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 51% by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

238. The method of claim 214 Jwherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater pan about 10 % by volume of the non-condensable 
component, and wherein the hyarogen is less than about 80 % by volume of the non- 
condensable component. I 



239. The method of claim 2 
wherein greater than about 0.0$ 



4, wherein the produced mixture comprises ammonia, and 
% by weight of the produced mixture is ammonia. 



240. The method of claim 2 
wherein the ammonia is used 



to 



4, wherein the produced mixture comprises ammonia, and 
produce fertilizer. 
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241. The method of claim 214, wherein controlling the heat further comprises 
controlling the heat such that coke production is inhibited. 

242. The method of claim 214, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

243. The method of claim 242, wherein thi partial pressure of H2 is measured when the 
mixture is at a production well. / 

244. The method of claim 214, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

245. The method of claim 214, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

246. The method of claim 214, fuiper comprising: 

providing hydrogen (H2) to pe heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

247. The method of claim 21% wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

248. The method of claim : 
increasing a permeability of j 
millidarcy. 

\ 



E14, wherein allowing the heat to transfer comprises 

. majority of the selected section to greater than about 100 
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249. The method of claim 214, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



250. The method of claim 214, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

25 1 . The method of claim 214, wherein producing the mixture comprises producing 
the mixture in a production well, and wheyein at least about 7 heat sources are disposed in 
the formation for each production well. 

252. The method of claim 214, furthei/ comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in £ unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern./ 



253. The method of claim 214, further comprising providing heat from three or more 
heat sources to at least a portion of tme formation, wherein three or more of the heat 
sources are located in the formation/in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular patte/rn, and wherein a plurality of the units are repeated 
over an area of the formation to foi/m a repetitive pattern of units. 

254. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one qc more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

producing a mixture fropi the formation, wherein at least a portion of the mixture 
is produced during the pyrolys 
phase; and 



maintaining a pressure 
about 2.0 bar absolute. 



s and the mixture moves through the formation in a vapor 
within at least a majority of the selected section above 
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255. The method of claim 254, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

256. The method of claim 254, wherein controlling formation conditions comprises 
maintaining a temperature within^he selected section within a pyrolysis temperature 
range. 

257. The method of claim 2^4, wherein the one or more heat sources comprise 
electrical heaters. 

258. The method of claim/254, wherein the one or more heat sources comprise surface 
burners. 

259. The method of cla/m 254, wherein the one or more heat sources comprise 
flameless distributed combustors. 

260. The method of claim 254, wherein the one or more heat sources comprise natural 
distributed combustors. 

261. The method off claim 254, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



262. The method of claim 254, further comprising controlling the heat such that an 
average heating r^te of the selected section is less than about 1 °C per day during 
pyrolysis. 
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263. The method of claim 254, wherein^roviding heat from the one or more heat 
sources to at least the portion of formatiojTi comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least ^ome hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = /**F*C v */>* 

wherein Pwr is the heating^energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

264. The method of claim 234, wherein allowing the heat to transfer comprises 
transferring heat substantially py conduction. 

265. The method of claim/254, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

266. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

267. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



268. The method of claim 254, wherein the produced mixture comprises non- 



condensable hydrocj 



rbons, and wherein about 0.1 % by weight to about 15 % by weight 



of the non-condensa >le hydrocarbons are olefins. 
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269. The method of claim 254, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges frojri about 0.001 to about 0.15. 

270. The method of claim 254, v^ierein the produced mixture comprises condensable 
hydrocarbons, and wherein less th^n about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



271. The method of claim 254! wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

272. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

273. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

274. The method of cpim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and whdrein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



275. The method of claim 254, wherein the produced mixture comprises condensable 



hydrocarbons, and 



hydrocarbons compmses multi-ring aromatics with more than two rings. 



lerein less than about 5 % by weight of the condensable 
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276. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

277. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 %/by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

278. The method of claim 254, wnerein the produced mixture comprises a non- 
condensable component, wherein tfte non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

279. The method of claim 25*, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05/% by weight of the produced mixture is ammonia. 

280. The method of claim 254, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used fo produce fertilizer. 

281 . The method of claim £54, wherein the pressure is measured at a wellhead of a 
production well. 



282. The method of claim 254, wherein the pressure is measured at a location within a 
wellbore of the production/ well. 

283. The method of clafm 254, wherein the pressure is maintained below about 100 bar 
absolute. 
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284. The method of claim 254, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2) wherein a partial pressure of H2 
within the mixture is greater than about 0.5/bar. 



285. The method of claim 284, whereii/ the partial pressure of H2 is measured when the 
mixture is at a production well. 

286. The method of claim 254, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

287. The method of claim 254, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



288. The method of claim 254, farther comprising 

providing hydn 
within the section; and 



providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 



heating a portion of the Section with heat from hydrogenation. 

289. The method of claim 254, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

290. The method of claim 254, wherein allowing the heat to transfer comprises 
increasing a permeability cpf a majority of the selected section to greater than about 100 
millidarcy. 

291 . The method of claim 254, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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292. The method of claim 254, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

293. The method of claim 254, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



294. The method of claim 254,/further comprising providing heat from three or more 
10 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

295. The method of claim 254, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

296. A method of treatmg a hydrocarbon containing formation in situ, comprising; 
providing heat fkjfm one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 
25 maintaining a pressure within at least a majority of the selected section of the 

formation above 2.0 bar absolute; and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons having an API gravity higher than an API gravity of 
condensable hydrocarbons in a mixture producible from the formation at the same 
30 temperature and at atmospheric pressure. 
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297. The method of claim 296, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

298. The method of claim 296, wherein controlling formation conditions comprises 
maintaining a temperature within the selected/section within a pyrolysis temperature 
range. 

299. The method of claim 296, wherein t^ie one or more heat sources comprise 
electrical heaters. 

300. The method of claim 296, wherei^i the one or more heat sources comprise surface 
burners. 

301. The method of claim 296, wheijbin the one or more heat sources comprise 
flameless distributed combustors. 

302. The method of claim 296, wherein the one or more heat sources comprise natural 
distributed combustors. 

303. The method of claim 296, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

304. The method of claim 2^6, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



305. The method of claim 
sources to at least the portior 



\196, wherein providing heat from the one or more heat 
of formation comprises: 
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heating a selected volume (V) of the hydrocarbon containing formation from the 

- i 

one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

306. The method of claim 296, ^herein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

307. The method of claim 29S, wherein providing heat from the one or more heat 
sources.comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

308. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons having an AP/ gravity of at least about 25°. 

309. The method of clai/n 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



310. The method of claim 296, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 



of the non-condensable 



hydrocarbons are olefins. 



318 



Conley, Rose & Tayon, P C. 



311. The method of claim 296, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from ab()ut 0.001 to about 0.15. 



3 1 2. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than at/out 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

313. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thaii about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

314. The method of claim 296/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

315. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, wherein abouy 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds conrprise phenols. 

316. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherdin greater than about 20 % by weight of the condensable 
hydrocarbons are aroma/ic compounds. 



317. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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318. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein les; 
hydrocarbons are asphaltenes. 



hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 



3 1 9. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5y% by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

320. The method of claim 296, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the jiydrogen is less than about 80 % by volume of the non- 
condensable component. 

321. The method of claim 296, wherein the produced mixture comprises ammonia, and 
wherein greater than abopt 0.05 % by weight of the produced mixture is ammonia. 

322. The method of claim 296, wherein the produced mixture comprises ammonia, and 
wherein the ammonia as used to produce fertilizer. 

323. The method of claim 296, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

324. The method of claim 296, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

325. The method of claim 296, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greal er than about 25. 
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326. The method of claim 296, wherein controlling formation conditions comprises 

recirculating a portion of hydrogen from the mixture into the formation. 

/ 

/ 

327. The method of claim 296, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the/section with heat from hydrogenation. 

328. The method of claim£96, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, ihe method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

329. The method of claim 296, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

330. The method ©f claim 296, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

33 1 . The method of claim 296, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

332. The meihod of claim 296, wherein producing the mixture comprises producing 
the mixture inja production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

333. The method of claim 296, further comprising providing heat from three or more 
heat sources co at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



\ 



321 



Conley, Rose & Tayon, P.C. 



334. The method of claim 296, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and whe/ein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

335. A method of treating a hydrocarbon/containing formation in situ, comprising: 
providing heat from one or more hpat sources to at least a portion of the 

formation; 

allowing the heat to transfer froi/i the one or more heat sources to a selected 
section of the formation; 

maintaining a pressure within/at least a majority of the selected section of the 
formation to above 2.0 bar absolute;/and 

producing a fluid from the formation, wherein condensable hydrocarbons within 
the fluid comprise an atomic hydrogen to atomic carbon ratio of greater than about 1.75. 

336. The method of claim 335, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

337. The method of claim/335, wherein controlling formation conditions comprises 
maintaining a temperature \yithin the selected section within a pyrolysis temperature 
range. 

338. The method of cla^m 335, wherein the one or more heat sources comprise 
electrical heaters. 



339. The method of c 
burners. 



aim 335, wherein the one or more heat sources comprise surface 
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340. The method of claim 335, wherein the one or more heat sources comprise 
flameless distributed combustors. 

341. The method of claim 335, wherein the one or more heat sources comprise natural 
distributed combustors. 

342. The method of claim 335, furthjbr comprising controlling the pressure and a 
temperature within at least a majority bf the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

343. The method of claim 335, {farther comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

344. The method of claim 335, wherein providing heat from the one or more heat 
sources to at least the portion pf formation comprises: 

heating a selected vbLume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wfierein the formation has an average heat capacity (C v ), and 
wherein the heating pyroly^es at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculatep by the equation: 
Pwr = /z*F*C v */> fi 

wherein Pwr is £he heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



345. The method o 
transferring heat substantially 



claim 335, wherein allowing the heat to transfer comprises 
by conduction. 
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346. The method of claim 335, wherein providing heat from the one or more heat 



sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



347. The method of claim 335, wherein, the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



348. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

349. The method of claim 335, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

350. . The method of claim/335, wherein the produced mixture comprises non- 
condensable hydrocarbonsjand wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons/ranges from about 0.001 to about 0.15. 

351. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

352. The method oflclaim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

353. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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354. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



355. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater/than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



10 



<0 
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356. The method of claim 335/, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less /than about 5 % by weight of the condensable 
hydrocarbons comprises multi-png aromatics with more than two rings. 

357. The method of claim i35, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



"20 



358. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



25 



359. The method of elaim 335, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen/is greater than about 10 % by volume of the non-condensable 
component, and wheijein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



30 



360. The method pf claim 335, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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361. The method of claim 335, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce ferti/izer. 

/: 

362. The method of claim 335, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0/5 bar. 

363. The method of claim 335, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

364. The method of claim 335, furtfier comprising altering the pressure within the 
formation to inhibit production of hy/irocarbons from the formation having carbon 
numbers greater than about 25. 

365. The method of claim 335, ](vherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

366. The method of claim 335, further comprising: 
providing hydrogen (H£) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of tile section with heat from hydrogenation. 

367. The method of claim 335, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons/ the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



368. The method of claim 335, wherein allowing the heat to transfer comprises 



increasing a permeability 
millidarcy. 



of a majority of the selected section to greater than about 100 
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369. The method of claim 335, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



370. The method of claim 335, furtheycomprising controlling the heat to yield greater 
than about 60 % by weight of condensable 1 hydrocarbons, as measured by the Fischer 
Assay. 



371 . The method of claim 335, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

372. The method of claim 335, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

373. The method of claim 335, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

374. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat fyom one or more heat sources to at least a portion of the 

formation; 

allowing the hiaX to transfer from the one or more heat sources to a selected 
section of the formation; 

maintaining a pressure within at least a majority of the selected section of the 
formation to above 2.0 bar absolute; and 

producing a/mixture from the formation, wherein the produced mixture comprises 
a higher amount off non-condensable components as compared to non-condensable 
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components producible from the formation under the same temperature conditions and at 
atmospheric pressure. 

375. The method of claim 374, whereuythe one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



376. The method of claim 374, wherein controlling formation conditions comprises 
maintaining a temperature within the ^elected section within a pyrolysis temperature 
range. 



377. The method of claim 374, wherein the one or more heat sources comprise 
electrical heaters. 

378. The method of claim 374,/wherein the one or more heat sources comprise surface 
burners. 

379. The method of claim 3^4, wherein the one or more heat sources comprise 
flameless distributed combustors. 

380. The method of claim/374, wherein the one or more heat sources comprise natural 
distributed combustors. 

381. The method of claim 374, further comprising controlling the pressure and a 
temperature within at learn; a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

382. The method of cjlaim 374, further comprising controlling the heat such that an 
average heating rate of [the selected section is less than about 1 °C per day during 
pyrolysis. 
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383. The method of claim 374, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: / 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to me volume is equal to or less than Pwr 9 
wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

384. The method of claim 374, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

385. The method of claim 374, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is epreater than about 0.5 W/(m °C). 

386. The method of claim 374/wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

387. The method of claim 3i/4, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein apout 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

388. The method of claim 374, wherein the produced mixture comprises non- 
condensable hydrocarbons! and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 
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389. The method of claim 374, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.0^/to about 0.15. 

390. The method of claim 374, wherein the p/oduced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

39 1 . The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abouc 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

392. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

393. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen /containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

394. The method of claim 874, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

395. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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396. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



397. The method of claim 374, wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by/weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



398. The method of claim 374, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

399. The method of claim 37j4, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

400. The method of claim 374, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

401 . The method of claim 374, further comprising controlling formation conditions to 
produce a mixture of comdensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

402. The method of claim 374, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 



403. The method/of claim 374, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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404. The method of claim 374, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and j 



heating a portion of the section jvith heat from hydrogenation. 

/ 
/ 

405. The method of claim 374, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



406. The method of claim 374 ^wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



407. The method of claim 3/74, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

408. The method of claim 374, further comprising controlling the heat to yield greater 
than about 60 % by weigh/ of condensable hydrocarbons, as measured by the Fischer 
Assay. 

409. The method of claim 374, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each/production well. 



410. The method of claim 374, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises z triangular pattern. 



411. The method 



of claim 374, further comprising providing heat from three or more 



heat sources to at le ast a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and; wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



/ 



412. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or n^ore heat sources to at least a portion of the 

formation; j 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that superimposed heat from the one or more heat sources 
pyrolyzes at least about 20 % by /veight of hydrocarbons within the selected section of 
the formation; and 

producing a mixture frofai the formation. 

413. The method of claim Al 2, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

414. The method of claim 412, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

415. The method of claim 412, wherein the one or more heat sources comprise 
electrical heaters. 

416. The method/of claim 412, wherein the one or more heat sources comprise surface 
burners. 

417. The method of claim 412, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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418. The method of claim 412, wherein the one or more heat sources comprise natural 
distributed combustors. 

419. The method of claim 412, further comprising controlling a pressure and a 
temperature within at least a majority of the'selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. I 



420. The method of claim 412, further comprising controlling the heat such that an 
10 average heating rate of the selected section is less than about 1 °C per day during 
*\ pyrolysis. 



■f" 421. The method of claim 412, wherein providing heat from the one or more heat 
i , i sources to at least the portion of formation comprises: 



Ms heating a selected volume/(F) of the hydrocarbon containing formation from the 

ru I 

es one or more heat sources, wherein the formation has an average heat capacity (C v ), and 



wherein the heating pyrolyzes ?ft least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
J *20 wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the Aieating energy/day, h is an average heating rate of the 
formation, p B is formation/bulk density, and wherein the heating rate is less than about 10 
°C/day. 

25 

422. The method of </laim 412, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

423. The method of claim 412, wherein providing heat from the one or more heat 
30 sources comprises heating the selected formation such that a thermal conductivity of at 

least a portion of the selected section is greater than about 0.5 W/(m °C). 
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424. The method of claim 412, wherein the produced mixture comprises condensable 



hydrocarbons having an API gravity of at least about 25°. 



425. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

426. The method of claim 412, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

427. The method of claim 4 12/ wherein the produced mixture comprises non- 
condensable hydrocarbons, and/wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

428. The method of clairn 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

429. The method of daim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

430. The method j>f claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



431. The 
hydrocarbons, 



method of claim 412, wherein the produced mixture comprises condensable 
wherein about 5 % by weight to about 30 % by weight of the condensable 



\ 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

432. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about/20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

433. The method of claim 412, wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

434. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thanAbout oh % by weight of the condensable 
hydrocarbons are asphaltenes. / 

435. _ The method of claim 4 127 wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

436. The method of claim hi 2, wherein the produced mixture comprises a non- 
condensable component, wtterein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein me hydrogen is less than about 80 % by volume of the non- 
condensable component./ 

437. The method of claim 412, wherein the produced mixture comprises ammonia, and 
wherein greater than apout 0.05 % by weight of the produced mixture is ammonia. 

438. The method of claim 412, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 
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439. The method of claim 412, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

440. The method of claim 412, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons/and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar 

441 . The method of claim 412, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. / 

442. The method of claim 412, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

443. The method of claim 412, ywherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

444. The method of claim 412, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

445. The method of claim 412, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable/hydrocarbons with at least a portion of the produced hydrogen. 

446. The method of claim 412, wherein allowing the heat to transfer comprises 
increasing a permeapility of a majority of the selected section to greater than about 100 
millidarcy. 
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447. The method of claim 412, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

448. The method of claim 412, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 
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449. The method of claim 412, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



450. The method of claim 412, further comprising providing heat from three or more 
heat sources to at least a portion of the mrmation, wherein three or more of the heat 
sources are located in the formation in jk unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patter 



0 
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45 1 . The method of claim 412, farther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the fonnatfon in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

452. A method of treating/a hydrocarbon containing formation in situ, comprising: 
providing heat from/one or more heat sources to at least a portion of the 

formation; 

allowing the heat tb transfer from the one or more heat sources to a selected 
section of the formation such that superimposed heat from the one or more heat sources 
pyrolyzes at least about 20 % of hydrocarbons within the selected section of the 
formation; and 

producing a mixture from the formation, wherein the mixture comprises a 
condensable componeni having an API gravity of at least about 25°. 
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453. The method of claim 452, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



454. The method of claim 452, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. / 



455. The method of claim 452, wherein the one or more heat sources comprise 
electrical heaters. / 

456. The method of claim 452, wherein the one or more heat sources comprise surface 
burners. / 

457. The method of claim 452, wtterein the one or more heat sources comprise 
flameless distributed combustors. / 

458. The method of claim 452/ wherein the one or more heat sources comprise natural 
distributed combustors. / 

459. The method of claim 452, further comprising controlling a pressure and a 
temperature within at least ^majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

460. The method of claim 452, further comprising controlling the heat such that an 
average heating rate of pe selected section is less than about 1 °C per day during 
pyrolysis. / 

46 1 . The method off claim 452, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume (K) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

/ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 
Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, arjfci wherein the heating rate is less than about 1 0 
°C/day. 

462. The method of claim 452, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

463. The method of claim 452, wnerein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is^reater than about 0.5 W/(m °C). 

464. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are/olefins. 



25 



465. The method of claim/452, wherein the produced mixture comprises non- 
condensable hydrocarbonsVand wherein about 0. 1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 
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466. The method of cl; 
condensable hydrocarbons 
condensable hydrocarbo is 



im 452, wherein the produced mixture comprises non- 
, and wherein a molar ratio of ethene to ethane in the non- 
ranges from about 0.001 to about 0.15. 
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467. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen.. 

468. The method of claim 452, wherein the produced mixture comprises condensable 

/ 

hydrocarbons, and wherein less than about \j% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

469. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

470. The method of claim 452, vmerein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 %py weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

471 . The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

472. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wheyein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

473. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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474. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

/ 

/ 

475. The method of claim 452, wherein/the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen/is less than about 80 % by volume of the non- 
condensable component. 

476. The method of claim 452, Wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 °/Jby weight of the produced mixture is ammonia. 

477. The method of claim 452, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

478. The method of claim 452, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute 

479. The method of claim 452, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

480. The method of/claim 452, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 



48 1 . The method bf claim 452, further comprising altering a pressure within the 
formation to inhibit /production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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482. The method of claim 452, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



483. The method of claim 452, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and j 

heating a portion of the section with heat from hydrogenation. 

484. The method of claim 452, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method/further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

485. The method of claim 452, wMerein allowing the heat to transfer comprises 
increasing a permeability of a majo/ity of the selected section to greater than about 100 
millidarcy. 

486. The method of claim 452( wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

487. The method of claim 452, further comprising controlling the heat to yield greater 
than about 60 % by weight off condensable hydrocarbons, as measured by the Fischer 
Assay. 

488. The method of claihi 452, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



489. The method of c 
heat sources to at least £ 
sources are located in the 
sources comprises a triajrigul 



aim 452, further comprising providing heat from three or more 
portion of the formation, wherein three or more of the heat 
formation in a unit of heat sources, and wherein the unit of heat 
ar pattern. 
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490. The method of claim 452, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

——7— 

491. A method of treating a layer of^a hydrocarbon containing formation in situ, 
comprising: 

providing heat from one or m6re heat sources to at least a portion of the layer, 
wherein the one or more heat sources are positioned proximate an edge of the layer; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the layer such that superimposed heat from the one or more heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation; and 

producing a mixture from the formation. 

492. The method of claim 491 , wherein the one or more heat sources are laterally 
spaced from a center of the layer. 

493. The method of claiip 491 , wherein the one or more heat sources are positioned in 
a staggered line. 

494. The method of clfaim 491 , wherein the one or more heat sources positioned 
proximate the edge of the layer can increase an amount of hydrocarbons produced per 
unit of energy input to/the one or more heat sources. 



495. The method of claim 491 , wherein the one or more heat sources positioned 



proximate the edge c 
pyrolysis per unit of 



f the layer can increase the volume of formation undergoing 
energy input to the one or more heat sources. 
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496. The method of claim 49 1 , wherein the one or more heat sources comprise 
electrical heaters. 

497. The method of claim 491 , wherein the one or more heat sources comprise surface 
burners. 



498. The method of claim 491, wherein the one or more heat sources comprise 
flameless distributed combustors. 

499. The method of claim 491, wherein the one or more heat sources comprise natural 
distributed combustors. / 

500. The method of claim 491 , further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

50 1 . The method of claim 491 , further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 .0 ° C per day during 
pyrolysis. / 

502. The method of claim 491 , wherein providing heat from the one or more heat 
sources to at least the portion of the layer comprises: 

heating a selected /volume (V) of the hydrocarbon containing formation from the 
one or more heat sources! wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and | 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 



Pwr = h*V*C v fp B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

503. The method of claim 491 , wherein providing heat from the one or more heat 
sources comprises heating the selected/section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

terein the produced mixture comprises condensable 
of at least about 25°. 

505. The method of claim 49/, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

506. The method of claim 491, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

507. The method of /claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

508. The methoa of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, ancy wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

509. The metliod of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



504. The method of claim 49 1 , 
hydrocarbons having an API gravi 
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510. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

511. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 



512. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abyut 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

513. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

514. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about/ 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cvcloalkanes. 

515. The method of claim 491 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the /hydrogen is less than about 80 % by volume of the non- 
condensable component. 

516. The method of claim 491, wherein the produced mixture comprises ammonia, and 
wherein greater than about U 05 % by weight of the produced mixture is ammonia. 
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517. The method of claim 49 1 , wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



518. The method of claim 49 1 , further comprising controlling a pressure within at least 
a majority of the selected section of the formatiop, wherein the controlled pressure is at 
least about 2.0 bar absolute. 



519. The method of claim 491, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 pax. 

520. The method of claim 5 1 9, whereir/ the partial pressure of H 2 is measured when the 
mixture is at a production well. 

52 1 . The method of claim 49 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

522. The method of claim 49 1 , further comprising controlling formation conditions, 
wherein controlling formation conditions comprises recirculating a portion of hydrogen 
from the mixture into the formation. 

523 . The method of claim 4</ 1 , further comprising: 
providing hydrogen (TJ2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of tlfie section with heat from hydrogenation. 



524. The method of claim 491 , wherein the produced mixture comprises hydrogen and 



condensable hydrocarbons 
produced condensable hyd; 



the method further comprising hydrogenating a portion of the 
ocarbons with at least a portion of the produced hydrogen. 
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525. The method of claim 491 , wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. ^ 

526. The method of claim 491 , wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeabilit/ of a majority of the selected section. 



527. The method of claim 491 , further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

528. The method of claim 491, wherem producing the mixture comprises producing 
the mixture in a production well, and \^nerein at least about 7 heat sources are disposed in 
the formation for each production well 

529. The method of claim 491 , further comprising providing heat from three or more 
heat sources to at least a portion omhe formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

530. The method of claim 491 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



53 1. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat fijom one or more heat sources to at least a portion of the 
formation; 

allowing the heit to transfer from the one or more heat sources to a selected 
section of the formation; and 
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controlling a pressure and a temperature within at least a majority of the selected 
section of the formation, wherein the pressure is controlled as a function of temperature, 
or the temperature is controlled as a function of pressure; and 

producing a mixture from the formation. 

532. The method of claim 531, wherein the one o/more heat sources comprise at least 
two heat sources, and wherein superposition of hea/from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

533. The method of claim 53 1 , wherein controlling formation conditions comprises 
maintaining a temperature within the selectec|/section within a pyrolysis temperature 
range. 

534. The method of claim 53 1 , whereiyf the one or more heat sources comprise 
electrical heaters. 

535. The method of claim 53 1 , wherein the one or more heat sources comprise surface 
burners. 

536. The method of claim 531, /vherein the one or more heat sources comprise 
flameless distributed combustors/ 

537. The method of claim 5^1, wherein the one or more heat sources comprise natural 
distributed combustors. 

538. The method of claim p3 1 , further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

539. The method of clailn 531, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has,an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and j 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/dafy, h is an average heating rate of the 
formation, p B is formation bulk density, an^ wherein the heating rate is less than about 10 
°C/day. 



540. The method of claim 53 1 , wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

541. The method of claim 531, wnerein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

542. The method of claim 5JI , wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

543. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



544. The method of claim 53 1 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 



of the non-condensabh 



hydrocarbons are olefins. 
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545. The method of claim 531, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

546. The method of claim 531, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %4y weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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547. The method of claim 531, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abput 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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548. The method of claim 53 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

549. The method of claim/ 531, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



25 



550. The method of claim 531, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

551. The method of claim 531, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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552. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

/ 
/ 
/ 

553. The method of claim 53 1 , whereiWthe produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



554. The method of claim 53 1 , wherein the produced mixture comprises a non- 
condensable component, wherein me non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

555. The method of claim 53 1 , wherein the produced mixture comprises ammonia, and 
wherein greater than abouyO.05 % by weight of the produced mixture is ammonia. 

556. The method of cpim 53 1 , wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

557. The method qff claim 53 1 , wherein the controlled pressure is at least about 2.0 bar 
absolute. 

558. The method of claim 53 1 , further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H^, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



559. The method of claim 53 1 , wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 
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560. The method of claim 53 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

561 . The method of claim 53 1 , wherein controlling formation conditions comprises 
recirculating a portion of hydrogen fipm the mixture into the formation. 

562. The method of claim 53 1 , i^rther comprising: 
providing hydrogen (H2) t^ the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the Section with heat from hydrogenation. 

563. The method of claim 63 1 , wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons,yfhe method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

564. The method of cFaim 53 1, wherein allowing the heat to transfer comprises 
increasing a permeabilj/ty of a majority of the selected section to greater than about 100 
millidarcy. 

565. The method/of claim 531, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

566. The method of claim 531, further comprising controlling the heat to yield greater 
than about 60 °/p by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



567. The method of claim 53 1 , wherein producing the mixture comprises producing 
the mixture m a production well, and wherein at least about 7 heat sources are disposed in 
the formatio 1 for each production well. 
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568. The method of claim 531, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in/a unit of heat sources, and wherein the unit of heat 



sources comprises a triangular pattei 



in/a 



569. The method of claim 53 1, /further comprising providing heat from three or more 
heat sources to at least a portion/of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

570. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat fro/n one or more heat sources to at least a portion of the 

formation; 

allowing the heit to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperaturmhat will pyrolyze hydrocarbons within the selected section; 

producing a/mixture from the formation; and 

controlling/API gravity of the produced mixture to be greater than about 25 
degrees API by controlling average pressure and average temperature in the selected 
section such thay the average pressure in the selected section is greater than the pressure 
(p) set forth in |ne following equation for an assessed average temperature (T) in the 
selected sectic 

p = e H4000/T+67] 

where p is measured in psia and T is measured in ° Kelvin. 



571. Th£ method of claim 570, wherein the API gravity of the produced mixture is 
controlled/ to be greater than about 30 degrees API, and wherein the equation is: 

p = e [-3W00/T+51] 
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572. The method of claim 570, wherein the API gravity of the produced mixture is 
controlled to be greater than about 35 degrees API, and wherein the equation is: 

_ [-22000/T + 38] 

p e 

573. The method of claim 570, wherein the one or more heat sources comprise at least 
two heat sources, and wherein supecposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

574. The method of claim 570, wherein controlling the average temperature comprises 
maintaining a temperature in the selected section within a pyrolysis temperature range. 

575. The method of claimp70, wherein the one or more heat sources comprise 
electrical heaters. 

576. The method of clg!im 570, wherein the one or more heat sources comprise surface 
burners. 

577. The method o^ claim 570, wherein the one or more heat sources comprise 
flameless distributed/combustors. 

578. The method of claim 570, wherein the one or more heat sources comprise natural 
distributed combJstors. 

579. The memod of claim 570, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as ji function of temperature, or the temperature is controlled as a function of 
pressure. 



580. The frnethod of claim 570, further comprising controlling the heat such that an 
average heafting rate of the selected section is less than about 1 °C per day during 
pyrolysis. 
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581. The method of claim 570, wherein providing heat from the one or more heat 
sources to at least the portion of formation'comprises: 

heating a selected volume (V) ofyftie hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at leasVsome hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day/provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the Equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heatiAg energy/day, h is an average heating rate of the 
formation, p B is formation bully density, and wherein the heating rate is less than about 10 
°C/day. 

582. The method of claim 570, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

583. The method of c/aifn 570, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

584. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and Wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

585. The method of claim 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



\ 
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586. The method of claim 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

587. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abo^it 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



588. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

589. The method of claim 57y, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

590. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds aomprise phenols. 

591. The method op claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wnerein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

592. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



\ 
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593. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



594. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 %'by weight to about 30 % by weight of the 
condensable hydrocarbons are cyclqalkanes 

595. The method of claim 570,/wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the l/ydrogen is less than about 80 % by volume of the non- 
condensable component. 

596. The method of claim 570, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

597. The method of claim 570, wherein the produced mixture comprises ammonia, and 
wherein the ammonWis used to produce fertilizer. 

598. The method/of claim 570, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

599. The metnod of claim 570, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 



600. The method 
formation to 
numbers greater 



of claim 570, further comprising altering a pressure within the 
ijnhibit production of hydrocarbons from the formation having carbon 
than about 25. 
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601 . The method of claim 570, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



602. The method of claim 570, furttier comprising: 

providing hydrogen (H2) to t/e heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

603. The method of claim 510, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



604. The method of claim 570, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

605. The method off claim 570, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

606. The method of claim 570, wherein the heat is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

607. The method of claim 570, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

608. The method of claim 570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources' are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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609. The method of claim 570, further comprising .providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

610. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat to at least a portion o^ a hydrocarbon containing formation such 

that a temperature (7) in a substantial part .of the heated portion exceeds 270 °C and 
hydrocarbons are pyrolyzed within the heated portion of the formation; 

controlling a pressure (p) within pt least a substantial part of the heated portion of 
the formation; 

^h^mp bar >e [( - A/T) + B - 26 r 41 ; 

wherein p is the pressure in bar absolute and T is the temperature in degrees K, 
and A and B are parameters that are iarger than 10 and are selected in relation to the 
characteristics and composition of me hydrocarbon containing formation and on the 
required olefin content and carbon number of the pyrolyzed hydrocarbon fluids; and 

producing pyrolyzed hydrocarbon fluids from the heated portion of the formation. 

611. The method of claim 6V0, wherein A is greater than 14000 and B is greater than 
about 25 and a majority of th&produced pyrolyzed hydrocarbon fluids have an average 
carbon number lower than 25 and comprise less than about 10 % by weight of olefins. 

612. The method of claim 610, wherein Tis less than about 390 °C, p is greater than 
about 1 .4 bar, A is greater man about 44000, and b is greater than about 67, and a 
majority of the produced pyrolyzed hydrocarbon fluids have an average carbon number 
less than 25 and comprise less than 10 % by weight of olefins. 



613. The method of c 



'aim 610, wherein Tis less than about 390 °C, p is greater than 



about 2 bar, A is less the n about 57000, and b is less than about 83, and a majority of the 
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produced pyrolyzed hydrocarbon fluids have an average carbon number lower than about 
21. / 

/ 

t 

614. The method of claim 610, further comprising/controlling the heat such that an 
average heating rate of the heated portion is less than about 3°C per day during 
pyrolysis. / 

615. The method of claim 610, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least somemydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, pg is formation Bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

616. The method of claim 610, wherein heat is transferred substantially by conduction 
from one or more heat sources located in one or more heat sources to the heated portion 
of the formation. / 

61 7. The method of claim 6y6, wherein the heat sources comprise heaters in which 
hydrocarbons are either injected into a heaters or released by the hydrocarbon containing 
formation adjacent to a heater by an oxidant injected into the heater in or adjacent to 
which the combustion occurs and wherein at least part of the produced combustion gases 
are vented to surface via the heater in which the combustion occurs. 
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618. The method of claim 617, wherein heat is transferred substantially by conduction 
from one or more heat sources to the heated portion of tfye formation such that the 
thermal conductivity of at least part of the heated portion is substantially uniformly 
modified to a value greater than about 0.6 W/m °C and the permeability of said part 
increases substantially uniformly to a value greater than 1 Darcy. 



619. The method of claim 610, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and H 2 , wherein a partial pressure of H 2 within 
the mixture flowing through the formation is greater than 0.5 Bar. 



620. The method of claim 619, further comprising, hydrogenating a portion of the 
produced pyrolyzed hydrocarbon fluids with at least a portion of the produced hydrogen 
and heating the fluids with heat from hydrogenation . 



621. The method of claim 610, wherein the hydrocarbon containing formation is a coal 
seam $nd at least about 70% of the hydrocarbon content of the coal, when such 
hydrocarbon content is measured py a Fischer assay, is produced from the heated portion 
of the formation. 

622. The method of claim 610,Avherein the substantially gaseous pyrolyzed hydrocarbon 
fluids are produced from a production well, the method further comprising heating a 
wellbore of the production /veil to inhibit condensation of the hydrocarbon fluids within 
the wellbore. 



623. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat |rom one or more heat sources to at least a portion of the 
formation; 

allowing the hfeat to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 



above, a temperature 



that will pyrolyze hydrocarbons within the selected section; 



producing a mixture from the formation; and 
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controlling a weight percentage of olefins of the produced mixture to be less than 
about 20 % by weight by controlling average pressure and average temperature in the 
selected section such that the average pressure in the selected section is greater than the 
pressure (p) set forth in the following equation for an assessed average temperature (T) in 

the selected section: j 

p = e t-pooo/r+83] 

where p is measured in psia and T is measured in 0 Kelvin. 

624. The method of claim 623, wherein the weight percentage of olefins of the 
produced mixture is controlled to be l^ss than about 10 % by weight, and wherein the 
equation is: 

= e f-16000/T+28] 

625. The method of claim 623/wherein the weight percentage of olefins of the 
produced mixture is controlled p be less than about 5 % by weight, and wherein the 
equation is: 

p - e f-I2000/T+22J 

626. The method of claim 623, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

627. The method oy claim 623, wherein the one or more heat sources comprise 
electrical heaters. 

628. The methop of claim 623, wherein the one or more heat sources comprise surface 
burners. 

629. The method of claim 623, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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630. The method of claim 623, wherein the one or more heat sources comprise natural 
distributed combustors. 

63 1 . The method of claim 623, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of , 
pressure. / 

632. The method of claim 63 1 , wherein controlling an average temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. / 

rther comprising controlling the heat such that an 
lection is less than about 3.0 °C per day during 

634. The method of claim 623^, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

635. The method of claim 623, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selectea volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*IfC v *p B 



633. The method of claim 623, fl 
average heating rate of the selected 
pyrolysis. / 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 



636. The method of claim 623, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

637. The method of claim 623, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 



638. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity oyat least about 25°. 

639. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about o/l % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

640. The method of claim 62S, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

641 . The method of claim 623, wherein the produced mixture comprises non- 
condensable hydrocarbons/ and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



642. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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643. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

/ 

/ 

644. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by/weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur J 



645. The method of claim 623, wherein the ^produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing Compounds, and wherein the oxygen 
containing compounds comprise phenols. 



646. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater thep about 20 % by weight of the condensable 
hydrocarbons are aromatic compound 

647. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ying aromatics with more than two rings. 

648. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Yess than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

649. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



650. The method o 
condensable component 



claim 623, wherein the produced mixture comprises a non- 
wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 1 0 % by,, volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

65 1 . The method of claim 623 , wherein tlie produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

652. The method of claim 623, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

653. The method of claim 623, further comprising controlling formation conditions to 
produce a mixture of condensable Hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

654. The method of claim 62^, wherein the partial pressure of H2 is measured when the 
mixture*is at a production well/ 

655. The method of claim/623, further comprising altering a pressure within the 
formation to inhibit product/lon of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

656. The method of claim 623, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

657. The method of/claim 623, further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 



\ 
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670. The method of claim 662, wherein the one or m6re heat sources comprise surface 
burners. f 



671. The method of claim 662, wherein the one or more heat sources comprise 



flameless distributed combustors. 



/ 



672. The method of claim 662, wherein the pne or more heat sources comprise natural 
distributed combustors. 

673. The method of claim 662, further comprising controlling a temperature within at 
least a majority of the selected section of pe formation, wherein the pressure is 
controlled as a function of temperature, </r the temperature is controlled as a function of 
pressure. 

674. The method of claim 673, wherein controlling the temperature comprises 
maintaining a temperature within th^ selected section within a pyrolysis temperature 
range. 

675. The method of claim 662,/further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



676. The method of claim 662, wherein providing heat from the one or more heat 
sources to at least the portion Jof formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wmerein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzps at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating enefrgy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 
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providing heat from one or more heat sources to at least a portion of the 
formation; ^ 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

producing a mixture from the formation; and . , 

controlling hydrocarbons having carbon numbers greater than 25 of the produced 
mixture to be less than about 25 % by weight by controlling average pressure and average 
temperature in the selected section such that the average pressure in the selected section 
is greater than the pressure (p) set forth in the /following equation for an assessed average 
temperature (7) in the selected section: 

p = e [-$4000/T + 25] 

where p is measured in psia and Tis measured in 0 Kelvin. 



666. The method of claim 662, wherein the hydrocarbons having carbon numbers 
greater than 25 of the produced mixture /s controlled to be less than about 20 % by 
weight, and wherein the equation is: 

p I e f-I6000/T + 28J 

667. The method of claim 662, wherein the hydrocarbons having carbon numbers 
greater than 25 of the produced mixture is controlled to be less than about 1 5 % by 
weight, and wherein the equation is/ 

_ e [ r l8000/T+S2] 



668. The method of claim 662, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

669. The method of claim 662, wherein the one or more heat sources comprise 
electrical heaters. 

i 

\ 
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658. The method of claim 623, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

659. The method of claim 623, wherein allowingthe heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

660. The method of claim 623, wherein aMowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

661 . The method of claim 623, furthe/ comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

662. The method of claim 623, Wherein producing the mixture comprises producing 
the mixture in a production well, And wherein at least about 7 heat sources are disposed in 
the formation for each productic/n well. 

663. The method of claim 623, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the rormation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

664. The method of claim 623, further comprising providing heat from three or more 
heat sources to at least/ a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises apiangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

665. A method of treating a hydrocarbon containing formation in situ, comprising: 
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wherein Pwr is the heating energy/day, h is an average heating rate 01 
formation, p B is formation bulk density, and wherein tHe heating rate is less than 1 
°C/day. 



677. The method of claim 662, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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678. The method of claim 662, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater man about 0.5 W/(m °C). 

679. The method of claim 662, whereiii the produced mixture comprises condensable 
hydrocarbons having an API gravity oyat least about 25°. 

• / 

680. The method of claim 662, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0/1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



p\ 68 1 . The method of claim 662, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



25 



30 



682. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable iiydrocarbons is nitrogen. 

683. The method of olaim 662, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

/ / 
basis, of the condensajble hydrocarbons is oxygen. 



/ 



/ 
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684. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

685. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to/about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

686. The method of claim 662, where/n the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

687. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-nng aromatics with more than two rings. 

688. The method of claimyt>62, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

689. The method of alaim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocairoons are cycloalkanes. 

690. The method/of claim 662, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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69 1 . The method of claim 662, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

692. The method of claim 662, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. / 

693. The method of claim 662, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons/and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bari 

694. The method of claim 662, wherein thapartial pressure of H2 is measured when the 
mixture is at a production well. / 

695. The method of claim 662, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

696. The method of claim 662, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the sectifon with heat from hydrogenation. 

697. The method of claim 662, Avherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the mlethod further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

698. The method of claim 6o2, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 
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699. The method of claim 662, wherein allowing thq heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



700. The method of claim 662, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 



701 . The method of claim 662, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

702. The method of claim 662, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formationAn a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

703. The method of claim 662, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

704. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature ihat will pyrolyze hydrocarbons within the selected section; 

producing a mixture from the formation; and 

controlling an atomic hydrogen to carbon ratio of the produced mixture to be 
greater than about 117 by controlling average pressure and average temperature in the 
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selected section such that the average pressure in the selected section is greater than the 
pressure (p) set forth in the following equation for an assessed average temperature (7) in 
the selected section: 

J-38000/T+61J 



p = e' 



L 



where p is measured in psia and Tis measured in 9 Kelvin. 



705. The method of claim 704, whereiiy the atomic hydrogen to carbon ratio of the 
produced mixture is controlled to be greater than about 1.8, and wherein the equation is: 

J-13000/T+ 24] 

706. The method of claim 704, wherein the atomic hydrogen to carbon ratio of the 
produced mixture is controlled to bp greater than about 1.9, and wherein the equation is: 

p - e [-8000/T+ 18] 

707. The method of claim 70A, wherein the one or more heat sources comprise at least 
two heat sources, and wherein/superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

708. The method of clai/n 704, wherein the one or more heat sources comprise 
electrical heaters. 

709. The method of plaim 704, wherein the one or more heat sources comprise surface 
burners. 



710. The method pf claim 704, wherein the one or more heat sources comprise 
flameless distributed combustors. 

711. The method of claim 704, wherein the one or more heat sources comprise natural 
distributed combubtors. 
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712. The method of claim 704, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 



pressure. 



/ 



713. The method of claim 712, wherein controlling the temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 



10 

Q 

yJ 

m 
Ci 
ill 

150 



25 



714. The method of claim 704, further comprising controlling the heat such that an 
average heating rate of the selected /ection is less than about 1 °C per day during 
pyrolysis. 

715. The method of claim 704^ wherein providing heat from the one or more heat 
sources to at least the portion ok formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wMerein the formation has an average heat capacity (C v ), and 
wherein the heating pyroly^es at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating eiriergy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr =h*V*C vf VB 

wherein Pwr \k the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



716. The methon of claim 704, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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717. The method of claim 704, wherein providing heat from the one or more heat 
sources comprises heating the selected section such thjflt a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

/' 

71 8. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

/ 

719. The method of claim 704, wherein th^ produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by/Weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

720. The method of claim 704, wherein the produced mixture comprises non- 
condensable hydrocarbons, and where/in about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

72 1 . . The method of claim 704, Avherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

722. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein tess than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

723. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensabLe hydrocarbons is oxygen. 

724. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensabtte hydrocarbons is sulfur. 
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725. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

/ 

726. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

10 727. The method of claim 704, wherein the^roduced mixture comprises condensable 
p hydrocarbons, and wherein less than about 5/% by weight of the condensable 
d hydrocarbons comprises multi-ring aromatics with more than two rings. 

Hi / 

«fi / 

H 728. The method of claim 704, wherein the produced mixture comprises condensable 

/ 

I5l5 hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
ill / 
a hydrocarbons are asphaltenes. / 

1= / 

ill 729. The method of claim 704, wherein the produced mixture comprises condensable 

,x.Z i 

p hydrocarbons, and wherein about 6 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cvcloalkanes. 

730. The method of claim 7/)4, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 

25 component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

731. The method of claim 704, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

30 / 
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732. The method of claim 704, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

733. The method of claim 704, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and h/, wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. / 

734. The method of claim 704, wherein the part/al pressure of H 2 is measured when the 
mixture is at a production well. / 

735. The method of claim 704, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

736. The method of claim 704, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

737. The method of claim 704, fuccher comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

738. The method of claim 704, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

739. The method of claim 704, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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740. The method of claim 704, wherein allowing the heat to transfer comprises 

j 

substantially uniformly increasing a permeability of a majority of the selected section. 

z 

741 . The method of claim 704, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

742. The method of claim 704, wherein producing the mixture comprises producing 
the mixture in a production well, and whereiryat least about 7 heat sources are disposed in 
the formation for each production well. 

743. The method of claim 704, further/comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation ii/ a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patteij 

744. The method of claim 704,y¥urther comprising providing heat from three or more 
heat sources to at least a portioiyof the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangulaf pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



745. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat fi^om one or more heat sources to at least one portion of the 
formation; 

allowing the h£at to transfer from the one or more heat sources to a selected 
section of the formation; 

controlling a pressure-temperature relationship within at least the selected section 
of the formation by selected energy input into the one or more heat sources and by 
pressure release fron the selected section through wellbores of the one or more heat 
sources; and 
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producing a mixture from the formation. 

i 

746. The method of claim 745, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

747. The method of claim 745, wherein the one 9/more heat sources comprise at least 
two heat sources. 

748. The method of claim 745, wherein they()ne or more heat sources comprise surface 
burners. 

749. The method of claim 745, where jii the one or more heat sources comprise 
flameless distributed combustors. 

750. The method of claim 745, v^ierein the one or more heat sources comprise natural 
distributed combustors. 

75 1 . The method of claim 745, further comprising controlling the pressure-temperature 
relationship by controlling a rate of removal of fluid from the formation. 

752. The method of claim 745, further comprising controlling the heat such that an 
average heating rate of tlje selected section is less than about 1 °C per day during 
pyrolysis. 



753. The method of claim 745, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 



754. The method of claim 745, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

755. The method of claim 745, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

756. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

757. The method of claim 746, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons arc olefins. 

758. The method of claim 745, wherein the produced mixture comprises non- 
condensable hydrocarbons/ and wherein about 0. 1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

759. The method of cjaim 745, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. V ~ 



°C/day. 



i 





\ 
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760. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

761 . The method of claim 745, wherein the p/oduced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

762. The method of claim 745, whereirythe produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons/is sulfur. 

763. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

764. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

765. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



766. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and vmerein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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767. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



768. The method of claim 745, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is Ips than about 80 % by volume of the non- 
condensable component. / 

769. The method of claim 745, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

770. The method of claim 745/ wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

771 . The method of claim/745, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

772. The method of/claim 745, further comprising controlling formation conditions to 
produce a mixture ofynydrocarbon fluids and H2, wherein the partial pressure of H2 within 
the mixture is greater than about 0.5 bar. 

773. The method of claim 745, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

774. The method of claim 745, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 
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775. The method of claim 745, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater, than about 25 . / 

776. The method of claim 745, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

777. The method of claim 745, further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the sectioA with heat from hydrogenation. 

778. The method of claim 745, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocaroons with at least a portion of the produced hydrogen. 

779. The method of claim /745, wherein allowing the heat to transfer comprises 
increasing a permeability 0/ a majority of the selected section to greater than about 100 
millidarcy. 

780. The method of ^laim 745, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

78 1 . The method/of claim 745, further comprising controlling the heat to yield greater 
than about 60 % t)y weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

782. The method of claim 745, wherein producing the mixture comprises producing 
the mixture in/a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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783. The method of claim 745, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



784. The method of claim 745, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a/repetitive pattern of units. 

785. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a selected volume (V) of thi hydrocarbon containing formation, wherein 
formation has an average heat capacity (C v ), and wherein the heating pyrolyzes at least 
some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by ipQ equation: 
Pwr =h*V*C v *p B 

wherein Pwr is the hea/ing energy/day, h is an average heating rate of the formation, 
p B is formation bulk density, and wherein the heating rate is less than about 10 °C/day. 

786. The method of c/aim 785, wherein heating a selected volume comprises heating 
with an electrical heate 

787. The method of claim 785, wherein heating a selected volume comprises heating 
with a surface burner. 



788. The method of claim 785, wherein heating a selected volume comprises heating 
with a flameless d stributed combustor. 
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789. The method of claim 785, wherein heating a selected volume comprises heating 
with a natural distributed combustors. 

790. The method of claim 785, further comprising controlling a pressure and a 
temperature within at least a majority of the selected volume of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

comprising controlling the heating such that an 
ne is less than about 1 °C per day during 

792. The method of claim 785, wherein a value for C v is determined as an average heat 
capacity of two or more samples taken from the hydrocarbon containing formation. 

793. . The method of claim 785^ wherein heating the selected volume comprises 
transferring heat substantially by conduction. 

794. The method of claim 85, wherein heating the selected volume comprises heating 
the selected section such that a thermal conductivity of at least a portion of the selected 
section is greater than about 0.5 W/(m °C). 

795. The method of clAim 785, wherein the produced mixture comprises condensable 
hydrocarbons having aiy API gravity of at least about 25°. 

796. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



791 . The method of claim 785, furtheij 
average heating rate of the selected vol} 
pyrolysis. 
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797. The method of claim 785, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

/ 

798. The method of claim 785, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about O.OO/ to about 0.15. 

799. The method of claim 785, wherein the p/oduced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nit/ogen. 

800. The method of claim 785, whereirythe produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons/is oxygen. 

801. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

802. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about b % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

803. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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804. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

/ 1 

i 

805. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 °/J by weight of the condensable 
hydrocarbons are asphaltenes. / 

806. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkane 

807. The method of claim 785, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater thanyabout 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

808. The method of claim 785, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.(p % by weight of the produced mixture is ammonia. 

809. The method of claim 785, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer 

810. The method of claim 785, further comprising controlling a pressure within at least 
a majority of the selected volume of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

811. The method of claim 785, further comprising controlling formation conditions to 
produce a mixture fi/om the formation comprising condensable hydrocarbons and H2, 
wherein a partial pressure of H2 within the mixture is greater than about 0.5 bar. 
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812. The method of claim 785, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

813. The method of claim 785, further comprising altering a pressure within the 

I 

formation to inhibit production of hydrocarbons from- the formation having carbon 
numbers greater than about 25. 

814. The method of claim 785, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

815. The method of claim 785, further comprising: 
providing hydrogen (H2) to the heated ^olume to hydrogenate hydrocarbons 

within the volume; and 

heating a portion of the volume with heat from hydrogenation. 



816. The method of claim 785, whereiry the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons wip at least a portion of the produced hydrogen. 

8 1 7. The method of claim 785, furthfer comprising increasing a permeability of a 
majority of the selected volume to greater than about 100 millidarcy. 

818. The method of claim 785, further comprising substantially uniformly increasing a 
permeability of a majority of the selected volume. 



819. The method of claim 785, fi/irther comprising controlling the heat to yield greater 
than about 60 % by weight of condjbnsable hydrocarbons, as measured by the Fischer 
Assay. 



v 
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820. The method of claim 785, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



/. 



821. The method of claim 785, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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822. The method of claim 785, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetiti^ pattern of units. 

823 . A method of treating a hydrocarbon cofutaining formation in situ, comprising: 
providing heat from one or more heat/sources to at least a portion of the 

formation; 

allowing the heat to transfer from thJb one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

controlling heat output from the one or more heat sources such that an average 



heating rate of the selected section rises 
temperature of the selected section is at, 
hydrocarbons within the selected section 



y less than about 3 °C per day when the average 
3r above, the temperature that will pyrolyze 
and 



producing a mixture from the foimation 



824. The method of claim 823, contrc 
raising the average temperature w 



ing heat output comprises: 
ithin the selected section to a first temperature 



that is at or above a minimum pyrolysis (temperature of hydrocarbons within the 
formation; 



i 
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limiting energy input into the one or more heat sources to inhibit increase in 
temperature of the selected section; and 

increasing energy input into the formation to raise an average temperature of the 
selected section above the first temperature when production/of formation fluid declines 
5 below a desired production rate. / 

825. The method of claim 823, controlling heat output/comprises: 

raising the average temperature within the selected section to a first temperature 
that is at or above a minimum pyrolysis temperature of hydrocarbons within the 
10 formation; / 

_ limiting energy input into the one or more heat sources to inhibit increase in 

*!! temperature of the selected section; and / 

m / 

3 increasing energy input into the formation to raise an average temperature of the 

■ selected section above the first temperature when quality of formation fluid produced 

111 I 

(3S5 from the formation falls below a desired qualify. 

ry- / 

m 826. The method of claim 823, wherein me one or more heat sources comprise at least 

; l s / 

|1| two heat sources, and wherein superposition of heat from at least the two heat sources 

p pyrolyzes at least some hydrocarbons wijfhin the selected section. 

ko / 

827. The method of claim 823, wherein the one or more heat sources comprise 
electrical heaters. / 

828. The method of claim 823, wherein the one or more heat sources comprise surface 
25 burners. / 

829. The method of claim 823, wherein the one or more heat sources comprise 
flameless distributed combustors. 

30 830. The method of claim 823, wherein the one or more heat sources comprise natural 
distributed combustors. I 
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83 1 . The method of claim 823, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature/ or the temperature is controlled as 
a function of pressure. / 

832. The method of claim 823, wherein the hear is controlled that an average heating 
rate of the selected section is less than about 1 .5rC per day during pyrolysis. 

833. The method of claim 823, wherein th^heat is controlled that an average heating 
rate of the selected section is less than about/l °C per day during pyrolysis. 

834. The method of claim 823, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/cmy provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation hulk density. 

835. The method of claim 823, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

836. The method ofl claim 823, wherein providing heat from the one or more heat 
sources comprises heiting the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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837. The method of claim 823, wherein the jypduced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

/ 

838. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 °/Jby weight td^about 1 5 % by weight of the 
condensable hydrocarbons are olefins.; 



839. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, wherein the condensable hydrocarbons have an olefin content is less than 
about 2.5 % by weight of the condensable hydrocarbons, and wherein the olefin content 
is greater than about 0.1 % by weight of the condensable hydrocarbons. 

840. The method of claim/823, wherein the produced mixture comprises non- 
condensable hydrocarbons/wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 

841 . The method oy claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.10 and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 

842. The method of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.05 and wherein the ratio of ethene to 
ethane is greater than about 0.001. 



843. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



v 
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844. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

845. The method of claim 823, wherein the produced mixture comprises condensable 

/ 

hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulf 

846. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenohi 

847. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater man about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

848. The method of claim 82/5, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

849. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

850. The method of claim 823 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



851. The method of claim 823, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



852. The method of claim 823, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the^roduced mixture is ammonia. 



853. The method of claim 823, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



854. The method of claim 823, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. / 

855. The method of claim 823, furaier comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

856. The method of claim 823, wherein the partial pressure of H2 is measured when the 
mixture is at a production well/ 

857. The method of claim&23, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

858. The method of claim 823, wherein controlling formation conditions comprises 
recirculating a portion of/hydrogen from the mixture into the formation. 

859. The method of claim 823, further comprising: 
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providing H2 to the heated section to hydrogenate hydrocarbons within the 
section; and 

heating a portion of the section with heat from hVtfrogenation. 

/ 

860. The method of claim 823, wherein the produced mixture comprises hydrogen and 

/ 

condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



861. The method of claim 823, wherein allowing the heat to transfer comprises 
10 increasing a permeability of a majority of tl^e selected section to greater than about 100 
millidarcy. 



yj 



ui 

Pk5 



Q 

Si 

pi 
m 



862. The method of claim 823, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a pepneability of a majority of the selected section. 

863. . The method of claim 823, father comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

864. The method of claim 821, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



865. The method of claim/823, further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



866. The method of claiin 823, further comprising providing heat from three or more 
30 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the Formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

867. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; to heat a selected section of the formation to an average temperature above 
about 270 °C; / 

allowing the heat to transfer from the one or moye heat sources to the selected 
section of the formation; / 

controlling the heat from the one or more heat sources such that an average 
heating rate of the selected section is less than about 3 °C per day during pyrolysis; and 

producing a mixture from the formation. / 

868. The method of claim 867, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

869. The method of claim 867, wherein the one or more heat sources comprise 
electrical heaters. / 

870. The method of claim 867, further comprising supplying electricity to the electrical 
heaters substantially during non-peak hours. / 

871. The method of claim 867, wherein tWe one or more heat sources comprise surface 
burners. I 

872. The method of claim 867, wherein the one or more heat sources comprise 
flameless distributed combustors. I 

873. The method of claim 867, wherein/the one or more heat sources comprise natural 
distributed combustors. 
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874. The method of claim 867, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the/temperature is controlled as 
a function of pressure. 

875. The method of claim 867, wherein the heat is further controlled such that an 
average heating rate of the selected section is less than epout 3 °C/day until production of 
condensable hydrocarbons substantially ceases. 



876. The method of claim 867, wherein the heat is further controlled that an average 

: = / 

'.SB? I 

heating rate of the selected section is less than about 1.5 °C per day during pyrolysis. 

m 

M 877. The method of claim 867, wherein the he/it is further controlled such that an 

Ul / 

jjjs average heating rate of the selected section is less than about 1 °C per day during 
^ pyrolysis. 



878. The method of claim 867, wherein providing heat from the one or more heat 
sources to at least the portion of formationycomprises: 



£31 3* 

41 
fii 

#? 

■W , 
3p heating a selected volume (V) of ttte hydrocarbon containing formation from the 

one or more heat sources, wherein the formation has an average heat capacity (C v ), and 

wherein the heating pyrolyzes at least spme hydrocarbons within the selected volume of 

the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr 9 
25 wherein Pwr is calculated by the eqi/ation: 
Pwr = /z*r*C v */?5 

wherein Pwr is the heating fenergy/day, h is an average heating rate of the 
formation, p B is formation bulk density. 

30 879. The method of claim 867/ wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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880. The method of claim 867, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about .0.5 W/(m °C). 

88 1 . The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

882. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by wpght to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

883. The method of claim 867, wherein Ahe produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

884. The method of claim 867, whdrein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less tl^an about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 J 

885. The method of claim 867/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lessfthan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

886. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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887. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



888. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



10 889. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than afcout 20 % by weight of the condensable 

□ 

hydrocarbons are aromatic compounds 
i°" 890. The method of claim 867, wherein the produced mixture comprises condensable 

y , 

jj|5 hydrocarbons, and wherein less thaiyabout 5 % by weight of the condensable 

h i / 

hydrocarbons comprises multi-ring/aromatics with more than two rings. 



n \ 891 . The method of claim 867/ wherein the produced mixture comprises condensable 

hydrocarbons, and wherein less/han about 0.3 % by weight of the condensable 
|20 hydrocarbons are asphaltenes. 

892. The method of claim/867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbon^ are cycloalkanes. 

25 

893. The method of claim 867, wherein the produced mixture comprises a non- 
condensable component! wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
30 condensable component. 
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894. The method of claim 867, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



895. The method of claim 867, wherein the produced/mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. / 



896. The method of claim 867, further comprising controlling a pressure within at least 
a majority of the selected section of the formation/ wherein the controlled pressure is at 
least about 2.0 bar absolute. / 

897. The method of claim 867, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5Abar. 

898. The method of claim 897, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. / 

899. The method of claim 867, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

900. The method of claim 867, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

901 . The method of claim 867, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of me section with heat from hydrogenation. 
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902. The method of claim 867, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

903. The method of claim 867, wherein allowing the hea/to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

904. The method of claim 867, wherein allowing the neat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

905. The method of claim 867, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

906. The method of claim 867, wherein producing the mixture comprises producing 
the mixture in a production-well, and wherein at Jfeast about 7 heat sources are disposed in 
the formation for each production well. 



907. The method of claim 867, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit 6f heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



908. The method of claim 867, further 
heat sources to at least a portion of the formation 
sources are located in the formation in a unit 
sources comprises a triangular pattern, and 
over an area of the formation to form a 



909. A method of treating a hydrocarbon containing formation in situ, comprising: 



comprising providing heat from three or more 
wherein three or more of the heat 
of heat sources, wherein the unit of heat 
in a plurality of the units are repeated 
repetitive pattern of units. 



\ 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

producing a mixture from the formation through at least one production well; 

monitoring a temperature at or in the production well; and 

controlling heat input to raise the monitored temperature at a rate of less than 
about 3 °C per day. / 

910. The method of claim 909, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

911. The method of claim 909, wherein the one for more heat sources comprise 
electrical heaters. / 

912. The method of claim 909, wherein the dne or more heat sources comprise surface 
burners. a / 

913. The method of claim 909, wherein tne one or more heat sources comprise 
flameless distributed combustors. / 

914. The method of claim 909, whereip the one or more heat sources comprise natural 
distributed combustors. 

915. The method of claim 909, furtl 
temperature within at least a majority 
the pressure is controlled as a function 
a function of pressure. [ 



sr comprising controlling a pressure and a 
)f the selected section of the formation, wherein 
l of temperature, or the temperature is controlled as 
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916. The method of claim 909, wherein the heat is controlled that an average heating 
rate of the selected section is less than about 1 °C per day during pyrolysis. 

917. The method of claim 909, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: / 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has aiyaverage heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy/day, H is an average heating rate of the 
formation, p B is formation bulk density. / 

918. t The method of claim 909, wherein allowing the heat to transfer comprises 
- transferring heat substantially by conduction. 

919. The method of claim 909, whereiji providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is grea/er than about 0.5 W/(m °C). 

920. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

92 1 . The method of claim 909, jwherein the produced mixture comprises condensable 
hydrocarbons, and wherein abouuO. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

922. The method of claim 909, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
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condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . i* 

923. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. ^ 

924. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

925. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

926. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

927. The method of claim 909, wherein thef produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

928. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



929. The method of claim 909, whereij 
hydrocarbons, and wherein less than aboi 
hydrocarbons are asphaltenes. 



l the produced mixture comprises condensable 
it 0.3 % by weight of the condensable 
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930. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

5 

93 1 . The method of claim 909, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 [Vo by volume of the non- 

10 condensable component. 

:£l 932. The method of claim 909, wherein the produced mixture comprises ammonia, and 

m I 

% wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



y 

i^lS 933. The method of claim 909, wherein the produc^o mixture comprises ammonia, and 
l ^ wherein the ammonia is used to produce fertilizer. 

h 

l\ § 934. The method of claim 909, further comprisirjg controlling a pressure within at least 

~= 

;f : a majority of the selected section of the formation/wherein the controlled pressure is at 

C| 

120 least about 2.0 bar absolute. 

935. The method of claim 909, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 ba 

25 

936. The method of claim 935, wherein tl/e partial pressure of H2 is measured when the 
mixture is at a production well. 

937. The method of claim 909, further comprising altering a pressure within the 
30 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 
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938. The method of claim 909, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



939. The method of claim 909, further comprising: 

providing H2 to the heated section to hydrogenate hydrocarbons within the 



mate 



section; and 

heating a portion of the section with heat frorri hydrogenation. 

940. The method of claim 909, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

941. The method of claim 909, wherein allovspg the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

942. The method of claim 909, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

943. The method of claim 909, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensablp hydrocarbons, as measured by the Fischer 
Assay. 

944. The method of claim 909, wherein producing the mixture comprises producing 
the mixture in a production well, and Mperein at least about 7 heat sources are disposed in 
the formation for each production wel| 

945. The method of claim 909, further comprising providing heat from three or more 
heat sources to at least a portion of tile formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

/ 

946. The method of claim 909, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

947. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a portion of the formation to a temperature sufficient to support oxidation 

of hydrocarbons within the portion, wherein the portion is located substantially adjacent 

to a wellbore; / 

flowing an oxidant through a conduiypositioned within the wellbore to a heat 

source zone within the portion, wherein thaheat source zone supports an oxidation 

reaction between hydrocarbons and the oxidant; 

reacting a portion of the oxidant with hydrocarbons to generate heat; and 
transferring generated heat substantially by conduction to a pyrolysis zone of the 

formation to pyrolyze at least a portion of the hydrocarbons within the pyrolysis zone. 

948 . The method of claim 947, 1 
raising a temperature of the portioi 

949. The method of claim 947, wherein the conduit comprises critical flow orifices, the 
method further comprising flowing the oxidant through the critical flow orifices to the 
heat source zone. / 

950. The method of claim 947, further comprising removing reaction products from the 
heat source zone through the! wellbore. 



\ 
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lerein heating the portion of the formation comprises 
above about 400 °C. 



controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 



962. The method of claim 947, further comprising controlling the heat such that an 
z %veraige heating rate of the pyro lysis zone is less than about/ 1 °C per day during pyrolysis; 

963. The method of claim 947, wherein heating the portion comprises heating the 
pyrolysis zone such that a thermal conductivity of at least a portion of the pyrolysis zone 
is greater than about 0.5 W/(m °C). / 

964. The method of claim 947, further comprising controlling a pressure within at least 
-a majority of the pyrolysis zone of therfomiatioiy wherein the controlled pressure is at 
least about 2.0 bar absolute. / 

965. The method of claim 947, further comprising: 

providing hydrogen (H2) to the pyro/lysis zone to hydrogenate hydrocarbons 
- within the pyrolysis zone; and / 

heating a portion of the pyrolysis/ zone with heat from hydrogenation. 



966. The method of claim 947, wherein transferring generated heat comprises 
increasing a permeability of a majority of the pyrolysis zone to greater than about 100 
millidarcy. / 

967. The method of claim 947/ wherein transferring generated heat comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 

968. The method of claim"947, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

969. The method of claim 947, wherein the wellbore is located along strike to reduce 
pressure differentials along a heated length of the wellbore. 
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1007. The method of claim 996, wherein the pyro lysis zone is substantially adjacent to 
the heat source zone. 

i 

1008. The method of claim 996, further comprising controlling a pressure and a 
temperature within at least a majority of the pyrolysis zone of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 



1 009. The method of claim 996, further comprising controlling the heat such that an 
average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 

1010. The method of claim 996, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1011. The method of claim 996/ wherein allowing heat to transfer comprises heating the 
portion such that a thermal conductivity of at least a portion of the pyrolysis zone is 
greater than about 0.5 W/(m 

1012. The method of claim 996, further comprising controlling a pressure within at least 
a majority of the pyrolysisyzone, wherein the controlled pressure is at least about 2.0 bar 
absolute. 

1013. The method of claim 996, further comprising: 
providing hydrogen (H2) to the pyrolysis zone to hydrogenate hydrocarbons 

within the pyrolysis zone; and 

heating a portion of the pyrolysis zone with heat from hydrogenation. 

1014. The method of claim 996, wherein allowing the heat to transfer comprises 
increasing a pernjeability of a majority of the pyrolysis zone to greater than about 100 
millidarcy. 
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1015. The method of claim 996, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 



1016. The method of claim 996, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

1017. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

producing a mixture from the formation; and 

maintaining an average temperature within the selected section above a minimum 
pyrolysis temperature and below a vaporization temperature of hydrocarbons having 
carbon numbers greater than 25 to inhroit production of a substantial amount of 
hydrocarbons having carbon number/ greater than 25 in the mixture. 

1018. The method of claim 101 7/ where in the one or more heat sources comprise at 
least two heat sources, and whereftn superposition of heat from at least the two heat 
sources pyrolyzes at least some my dro carbons within the selected section of the 
formation. / 

1019. The method of clainy 101 7, wherein maintaining the average temperature within 
the selected section comprises maintaining the temperature within a pyrolysis 
temperature range. / 

1020. The method of claim 1017, wherein the one or more heat sources comprise 
electrical heaters. 
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970. The method of claim 947, wherein the wellbore is located along strike to increase 
uniformity of heating along a heated length of the wellbore. 

971 . The method of claim 947, wherein the wellbore is located along strike to increase 
control of heating along a heated length of the wellbore. / 

972. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a portion of the formation to a temperati/re sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidant; 

flowing the oxidant into a conduit, and wherein the conduit is connected such that 
the oxidant can flow from the conduit to the hydrocarbons; 

allowing the oxidant and the hydrocarbons jo react to produce heat in a heat 
source zone; / 

allowing heat to transfer from the heat source zone to a pyrolysis zone in the 
formation to pyrolyze at least a portion of the hydrocarbons within the pyrolysis zone; 
and / 

removing reaction products such thatAhe reaction products are inhibited from 
flowing from the heat source zone to the pyrolysis zone. 

973. The method of claim 972, wherein heating the portion of the formation comprises 
raising the temperature of the portion above about 400 °C. 

974. The method of claim 972, wherein heating the portion of the formation comprises 
electrically heating the formation. / 

975. The method of claim 972, wherein heating the portion of the formation comprises 
heating the portion using exhaust eases from a surface burner. 
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95 1 . The method of claim 947, further comprising removing excess oxidant from the 
heat source zone to inhibit transport of the oxidant to the pyrolysis zone. 

952. The method of claim 947, further comprising transporting the oxidant from the 

»- ^ . / 

conduit to the heat source zone substantially by diffusion. 

953. The method of claim 947, further comprising heating the conduit with reaction 
products being removed through the wellbore. / 

954. The method of claim 947, wherein the oxidant comprises hydrogen peroxide. 

955. The method of claim 947, wherein the oxlidant comprises air. 

956. The method of claim 947, wherein the oxidant comprises a fluid substantially free 
of nitrogen. / 

957. The method of claim 947, further comprising limiting an amount of oxidant to 
maintain a temperature of the heat source zone less than about 1200 °C. 

958. The method of claim 947, wherein heating the portion of the formation comprises 
electrically heating the formation. / 

959. The method of claim 947, wherein heating the portion of the formation comprises 
heating the portion using exhaust gases from a surface burner. 

960. The method of claim 947, wherein heating the portion of the formation comprises 
heating the portion with a flameless distributed combustor. 

961 . The method of claim 947, norther comprising controlling a pressure and a 
temperature within at least a majority of the pyrolysis zone, wherein the pressure is 
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976. The method of claim 972, wherein the conduit comprises critical flow orifices, the 
method further comprising flowing the oxidant through the critical flow orifices to the 
heat source zone. 



977. The method of claim 972, wherein the conduit is located within a wellbore, 



978. The method of claim 972, further comprising removing excess oxidant from the 
heat source zone to inhibit transport of the oxidant to the pyrolysis zone. 

979. The method of claim 972, further comprising transporting the oxidant from the 
conduit to the heat source zone substantially by diffusion. 

980. The method of claim 972, wherein the conduit is located within a wellbore, the 
method further comprising heating the conduit With reaction products being removed 
through the wellbore to raise a temperature of tne oxidant passing through the conduit. 

98 1 . The method of claim 972, wherein the/ oxidant comprises hydrogen peroxide. 

982. The method of claim 972, wherein t/ne oxidant comprises air. 

983. The method of claim 972, wherein the oxidant comprises a fluid substantially free 
of nitrogen. / 

984. The method of claim 972, further comprising limiting an amount of oxidant to 
maintain a temperature of the heat source zone less than about 1200 °C. 

985. The method of claim 972, further comprising limiting an amount of oxidant to 
maintain a temperature of the heat sjource zone at a temperature that inhibits production 
of oxides of nitrogen. | 



wherein removing reaction products comprises removing reaction products from the heat 
source zone through the wellbore. / 
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986. The method of claim 972, wherein heating a portion'of the formation to a 
temperature sufficient to support oxidation of hydrocarbons within the portion further 
comprises heating with a flameless distributed combustor. 



987. The method of claim 972, further comprising/controlling a pressure and a 
temperature within at least a majority of the pyrolygis zone of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 

988. The method of claim 972, further comprising controlling the heat such that an 
average heating rate of the pyrolysis zone/s less than about 1 °C per day during pyrolysis. 

989. The method of claim 972, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

990. The method of claim 972, wherein allowing heat to transfer comprises 
heating the pyrolysis zone such pat a thermal conductivity of at least a portion of the 
pyrolysis zone is greater than about 0.5 W/(m °C). 

99 1 . The method of claim 972, further comprising controlling a pressure within at least 
a majority of the pyrolysis^one, wherein the controlled pressure is at least about 2.0 bar 
absolute. 



992. The method oyclaim 972, further comprising: 

providing hydrogen (H2) to the pyrolysis zone to hydrogenate hydrocarbons 
within the pyrolysis/zone; and 

heating a portion of the pyrolysis zone with heat from hydrogenation. 
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993. The method of claim 972, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the pyrolysis zone to greater than about 100 
millidarcy. / 

994. The method of claim 972, wherein allowing the neat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 

995. The method of claim 972, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

996. An in situ method for heating a hydrocarbon containing formation, comprising: 
heating a portion of the formation to a/temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in the formation; 

providing the oxidizing fluid to a heat source zone in the formation; 

allowing the oxidizing gas to react with at least a portion of the hydrocarbons at 
the heat source zone to generate heat inyxhe heat source zone; and 

transferring the generated heat /substantially by conduction from the heat source 
zone to a pyrolysis zone in the formation. 

997. The method of claim 996, further comprising transporting the oxidizing fluid 
through the heat source zone by cjiffusion. 

998. The method of claim 9 
oxidizing fluid into the openir 



|6, further comprising directing at least a portion of the 
through orifices of a conduit disposed in the opening. 



999. The method of claim $96, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 
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1000. The method of claim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 



1001 . The method of claim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring substantial heat from the oxidation product in the conduit to 
the oxidizing fluid in the conduit. / 

1 002. The method of claim 996, wherein a conduit/ is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in tHe conduit. 

1003. The method of claim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. / 

1004. The method of claim 996, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is/disposed within the opening, the method further 
comprising providing the oxidizing fluia into the opening through the center conduit and 
removing an oxidation product through/the outer conduit. 

1005. The method of claim 996, wherein the heat source zone extends radially from the 
opening a width of less than approximately 0.15 m. 

1006. The method of claim 996, wherein heating the portion comprises applying 
electrical current to an electric hearer disposed within the opening. 
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102 1 . The method of claim 1017, wherein the one or more heat sources comprise 
surface burners. 



1022. The method of claim 1017, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1023. The method of claim 1017, wherein the qne or more heat sources comprise natural 
distributed combustors. 

1024. The method of claim 1017, wherein tjie minimum pyrolysis temperature is greater 
than about 270 °C. 

1025. The method of claim 1017, wherein the vaporization temperature is less than 
approximately 450 °C at atmospheric pressure. 

1026. The method of claim 1017, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a funct/on of temperature, or the temperature is controlled as 
a function of pressure. 

1027. The method of claim 10^7, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



1028. The method of claim fl 01 7, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyf es at least some hydrocarbons within the selected volume of 
the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
p wr = h*V*C v *p B 



/' 

wherein Pwr is the heating energy/day, h is'an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



1029. The method of claim 1017, wherein avowing the heat to transfer comprises 
transferring heat substantially by conductior 

1030. The method of claim 1017, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is/greater than about 0.5 W/(m °C). 

1 03 1 . The method of claim 1017, wnerein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1032. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1033. The method of claim A 01 7, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight 
of the non-condensable hyarocarbons are olefins. 



1034. The method of claim 1017, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 
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1035. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1036. The method of claim 1017, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is owgen. 

1037. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aboiat 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1038. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds compriseAhenols. 

1039. The method of claim yOl 7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic/compounds. 

1040. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1041 . The method /of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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1042. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 ^'by weight of the 
condensable hydrocarbons are cycloalkanes. / 



1043. The method of claim 1017, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

1044. The method of claim 1017, wherein theyproduced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1045. The method of claim 1017, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1046. The method of claim 1017, further comprising controlling a pressure within at 
least a majority of the selected sectipn of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1047. The method of claim 1(M 7, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greateryihan about 0.5 bar. 

1048. The method of claim 1047, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 

1049. The method of claim 1017, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1 050. The method of claim 1017, further comprising: 




1 
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providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

1051 . The method of claim 1017, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



1052. The method of claim 101 7, wherein allowing/the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1053. The method of claim 1017, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1054. . The method of claim 1017, furthen comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1055. The method of claim 1017, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1056. The method of claim 1017, further comprising providing heat from three or more 
heat sources to at least a portion /of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1057. The method of claim 1017, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1058. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at/least a portion of the 

formation; j 

allowing the heat to transfer from the one or mgre heat sources to a selected 
section of the formation; 

controlling a pressure within the formation xi inhibit production of hydrocarbons 
from the formation having carbon numbers greater/than 25; and 

producing a mixture from the formation. 

1059. The method of claim 1058, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superpos/tion of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1060. The method of claim 1058, whe/ein the one or more heat sources comprise 
electrical heaters. 

1061 . The method of claim 1058, ^herein the one or more heat sources comprise 
surface burners. 

1062. The method of claim 105&, wherein the one or more heat sources comprise 
flameless distributed combustoys. 

1063. The method of claim l()58, wherein the one or more heat sources comprise natural 
distributed combustors. 

1064. The method of claim 1058, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
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controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 



1065. The method of claim 1064, wherein controlling the temperature comprises 
maintaining a temperature within the selected/section within a pyrolysis temperature 
range. 

1066. The method of claim 1058, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1 067. The method of claim 1 058, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes a/ least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the cheating energy/day, h is an average heating rate of the 
formation, p B is formatior/bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1068. The method of claim 1058, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 069. The method/of claim 1058, wherein providing heat from the one or more heat 
sources comprises neating the selected formation such that a thermal conductivity of at 
least a portion of tine selected section is greater than about 0.5 W/(m °C). 
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1070. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1 071 . The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



1 072. The method of claim 1 058, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons areyolefins. 

1073. The method of claim 1058, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less thap about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 

1074. The method of claim 1058; wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less pan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1075. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1 076. The method of claiin 
hydrocarbons, and wherein 
basis, of the condensable 



1058, wherein the produced mixture comprises condensable 
less than about 1 % by weight, when calculated on an atomic 
lydrocarbons is sulfur. 



1 077. The method of cl^m 
hydrocarbons, wherein alf>out 



1058, wherein the produced mixture comprises condensable 
5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1078. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1079. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 %/by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1080. The method of claim 1058, wherein ihe produced mixture comprises condensable 
hydrocarbons, and wherein less than abouy0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1 08 1 . The method of claim 1 058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein -about 5 °/Jby weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 082. The method of claim 1 058/ wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater Ahan about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1083. The method of claim 
and wherein greater than abc 

1084. The method of clain 
and wherein the ammonia ij 



1058, wherein the produced mixture comprises ammonia, 
at 0.05 % by weight of the produced mixture is ammonia. 



1058, wherein the produced mixture comprises ammonia, 
used to produce fertilizer. 
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1085. The method of claim 1058, further comprising controlling the pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 



1086. The method of claim 1058, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. / 

1087. The method of claim 1086, wherein the/partial pressure of H2 is measured when 
the mixture is at a production well. / 

1088. The method of claim 1058, whereincontrolling formation conditions comprises 
recirculating a portion of hydrogen from me mixture into the formation. 

1 089. The method of claim 1 058, further comprising: 

providing hydrogen (H2) to tKe heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

1090. The method of claim 1058, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1091 . The method of claim 1058, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

1092. The method of claim 1058, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



is at least about 2.0 bar absolute. 



'/• 
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1093. The method of claim 1058, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. j 



1094. The method of claim 1058, wherein producing the mixture comprises producing 
the mixture in a production well, and w 
the formation for each production well. 



the mixture in a production well, and wherein ^rt least about 7 heat sources are disposed in 
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1095. The method of claim 1058, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a ipiit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1096. The method of claim 1058, fWther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1097. A method of treating ^hydrocarbon containing formation in situ, comprising: 
providing heat from gaie or more heat sources to at least a portion of the 

formation; 

allowing the heat td transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are olefins. 
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1098. The method ofl claim 1097, wherein the one or more heat sources comprise at 
least two heat sources! and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



1099. The method of claim 1097, wherein the one or more heat sources comprise 



electrical heaters. 



/ 



1 100. The method of claim 1097, whereirj/the one or more heat sources comprise 



surface burners. 



1101. The method of claim 1097, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1 102. The method of claim 1097, v^fierein the one or more heat sources comprise natural 
distributed combustors. 

1 103. The method of claim 1097, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1 104. The method of clainf 1097, wherein controlling the temperature comprises 
maintaining the temperatu/e within the selected section within a pyrolysis temperature 
range. 

1 105. The method of dlaim 1097, further comprising controlling the heat such that an 
average heating rate of /the selected section is less than about 1 °C per day during 
pyrolysis. 



1106. The method o 
sources to at least th< 



claim 1097, wherein providing heat from the one or more heat 
portion of formation comprises: 



\ 
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heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein thp heating rate is less than about 10 
°C/day. 

1107. The method of claim 1 097, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1108. The method of claim 1 097, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater Ahan about 0.5 W/(m °C). 

1 109. The method of claim 1097, wherein me produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1110. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % \jy weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1111. The method of claim 1097, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons pre olefins. 



1 1 12. The method of claim 1097 
condensable hydrocarbons, wherein £ 



wuerein the produced mixture comprises non- 
molar ratio of ethene to ethane in the non- 
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condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 

1113. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

1114. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight/ when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

1115. The method of claim 1 097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

1116. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

1117. The method of claim 1097, wherein tne produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1118. The method of claim 1097, wherem the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aroinatics with more than two rings. 

1119. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than alpout 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 
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1 1 20. The method of claim 1 097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1121. The method of claim 1 097, wherein the produced' mixture comprises a non- 
condensable component, wherein the non-condensable^/omponent comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than al/out 80 % by volume of the non- 
condensable component. 

1 1 22. The method of claim 1 097, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 123. The method of claim 1097, whereinyihe produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 124. The method of claim 1097, furttter comprising controlling a pressure within at 
least a majority of the selected sectioi/ of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1 125. The method of claim 109y, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



1 1 26. The method of claim 
the mixture is at a production 



125, wherein the partial pressure of H2 is measured when 
well. 



1 1 27. The method of claim/ 1 097, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about} 25. 
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1 128. The method of claim 1097, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1 1 29. The method of claim 1097, further comprising: / 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from nydrogenation. 

1 130. The method of claim 1097, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at/least a portion of the produced hydrogen. 

1131. The method of claim 1097, wherein^ allowing the heat to transfer comprises 
increasing a permeability of a majority ofirhe selected section to greater than about 100 
millidarcy. / 

1 132. The method of claim 1097, wnerein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1 133. The method of claim 1097, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

1 134. The method of claim 1097, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1135. The method of claim 1097, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1 136. The method of claim 1097, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1137. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a section of the formation to a pyrolysis temperature from at least a first 

heat source, a second heat source ancf a third heat source, and wherein the first heat 
source, the second heat source and4he third heat source are located along a perimeter of 
the section; 

controlling heat input t6 the first heat source, the second heat source and the third 
heat source to limit a heating rate of the section to a rate configured to produce a mixture 
from the formation with an olefin content of less than about 1 5% by weight of 
condensable fluids (on a^dry basis) within the produced mixture; and 

producing the mixture from the formation through a production well. 

1138. The methofl of claim 1137, wherein superposition of heat form the first heat 
source, second hiat source, and third heat source pyrolyzes a portion of the hydrocarbons 
within the formation to fluids 

1 139. The method of claim 1 137, wherein the pyrolysis temperature is between about 
270 °C and/about 400 °C. 



1 140. The method of claim 1137, wherein the first heat source is operated for less than 
about twenty four hours a day. 
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1141. The method of claim 1137, wherein the first heat source comprises an electrical 
heater. 

/ 

1 142. The method of claim 1 137, wherein the first^eat source comprises a surface 
burner. / 

1 143. The method of claim 1137, wherein the/first heat source comprises a flameless 
distributed combustor. / 

1 144. The method of claim 1 137, wherein/the first heat source, second heat source and 
third heat source are positioned substantially at apexes of an equilateral triangle. 

1 145. The method of claim 1 137, wherein the production well is located substantially at 
a geometrical center of the first heat source, second heat source, and third heat source. 

1 146. The method of claim 1137, further comprising a fourth heat source, fifth heat 
source, and sixth heat source located/along the perimeter of the section. 

1 147. The method of claim 1 146, wherein the heat sources are located substantially at 
apexes of a regular hexagon. / 

1 148. The method of claim 1 14tf, wherein the production well is located substantially at 
a center of the hexagon. / 

1 149. The method of claim 1 1/37, further comprising controlling a pressure and a 
temperature within at least a majority of the section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 1 
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1 1 50. The method of claim 1137, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. 

1151. The method of claim 1137, further comprising controlling the heat such that an 
average heating rate of the section is less than about 3 °C per day during pyrolysis. 



1 1 52. The method of claim 1137, further comprising controlling the heat such that an 
average heating rate of the section is less than about 1 rC per day during pyrolysis. 

1153. The method of claim 1137, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ) 5 and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equatioi/: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating ene/gy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1 1 54. The method of claim 1 1 3 li wherein heating the section of the formation 
comprises transferring heat substantially by conduction. 

1 155. The method of claim 1 187, wherein providing heat from the one or more heat 
sources comprises heating the section such that a thermal conductivity of at least a 
portion of the section is greater than about 0.5 W/(m °C). 
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1 1 56. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 1 57. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % byf weight of the 
condensable hydrocarbons are olefins. / 

1 158. The method of claim 1 137, wherein the produced mixture /comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. / 

1 159. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

1 160. The method of claim 1 137, wherein the producecy mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

1161. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

1 162. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to apout 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 
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1 163. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

* 

1 164. The method of claim 1137, wherein the produced mixture comprises condensable 

/ 

hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1 165. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the/condensable 
hydrocarbons are asphaltenes. / 

1 166. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

1 167. The method of claim 1137, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

1 168. The method of claim 1137, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 169. The method of claim 1137, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 1 70. The method of claim 1137, further coi 
least a majority of the selected section of the , 
is at least about 2.0 bar absolute. 



Uprising controlling a pressure within at 
formation, wherein the controlled pressure 
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1171. The method of claim 1 137, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

/ 

1 1 72. The method of claim 1171, wherein the partial pressure of ^2 is measured when 
the mixture is at a production well. 

1 173. The method of claim 1137, further comprising altering a /pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1 174. The method of claim 1137, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into tl/e formation. 

1175. The method of claim 1137, further comprising: 
providing hydrogen (H2) to the heated section to^iydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from liydrogenation. 

1 176. The method of claim 1137, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1 177. The method of claim 1 137, heating the section comprises increasing a 
permeability of a majority of the section to greater than about 100 millidarcy. 

1 178. The method of claim 1137, wherein heating the section comprises substantially 
uniformly increasing a permeability of a majority of the section. 
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1 179. The method of claim 1 137, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1 1 80. The method of claim 1137, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

1181. The method of claim 1137, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1 182. The method of claim 1137, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1183. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and / 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 

1 184. The method of claim 1 183, waerein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1 185. The method of claim 1 1 83, wherein the one or more heat sources comprise 
electrical heaters. ^ 

1 186. The method of claim 1 1 83, wherein the one or more heat sources comprise 
surface burners. / 

1 1 87. The method of claim 1183, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

1 1 88. The method of claim 1 1 83, wherein the one or more heat sources comprise natural 
distributed combustors. / 

1 1 89. The method of claim 1183, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1 190. The method of claim 1 1 89, whe/ein controlling the temperature comprises 
maintaining the temperature within th^ selected section within a pyrolysis temperature 
range. 

1 191. The method of claim 1 183, 
average heating rate of the selected 
pyrolysis. / 

1 1 92. The method of claim 1 1 8B, wherein providing heat from the one or more heat 
sources to at least the portion of /formation comprises: 



arther comprising controlling the heat such that an 
section is less than about 1 °C per day during 
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heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons withuyhe selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average ] 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



teating rate of the 



1 193. The method of claim 1 183, wherein allowing the heat/to transfer comprises 
transferring heat substantially by conduction. 

1 194. The method of claim 1 183, wherein providing heat prom the one or more heat 
sources comprises heating the selected formation such that/a thermal conductivity of at 
least a portion of the selected section is greater than about/0.5 W/(m °C). 

1 1 95 . The method of claim 1 1 83, wherein the producedf mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25r. 

1 196. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to (pout 15 % by weight of the 
condensable hydrocarbons are olefins. 



1 197. The method of claim 1 183, wherein the produced mixture comprises non- 



condensable hydrocarbons, and wherein about 0.1 ^ 
of the non-condensable hydrocarbons are olefins. 



by weight to about 15 % by weight 



1 198. The method of claim 1 183, wherein the produced mixture comprises non 



condensable hydrocarbons, wherein a molar ratio o; 
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condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 

! 

1 199. The method of claim 1 183, wherein the produced mixture /comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1200. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, wheyt calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1201. The method of claim 1183, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % bj weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and /vherein the oxygen 
containing compounds comprise phenols. 

1202. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by wpight of the condensable 
hydrocarbons are aromatic compounds. 

1203. The method of claim 1183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1204. The method of claim 1 1 83, wherein the proddbed mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by ^veight of the condensable 
hydrocarbons are asphaltenes. 

1205. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to [about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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1206. The method of claim 1 183, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % bjy volume of the non- 
condensable component. 

1207. The method of claim 1 1 83, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1208. The method of claim 1 1 83, wherein the produced mixture comprises ammonia, 
s£| and wherein the ammonia is used to produce fertilizer. 

m 

3 ■ 

jj\ 1209. The method of claim 1 1 83, further comprising controlling a pressure within at 

hi / 

p 5 least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

fy 1210. The method of claim 1183, further comprising controlling formation conditions to 

XI produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 

is* 

1*20 within the mixture is greater than about 0.5 bar. 

1211. The method of claim 1211, wherein the/partial pressure of H2 is measured when 
the mixture is at a production well. 

25 1212. The method of claim 1 1 83, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1213. The method of claim 1 183, where controlling formation conditions comprises 
30 recirculating a portion of hydrogen from the mixture into the formation. 
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1214. The method of claim 1183, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



1215. The method of claim 1183, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion/of the produced hydrogen. 



1216. The method of claim 1 183, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1217. The method of claim 1183, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1218. The method of claim 1 183, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocjtrbons, as measured by the Fischer 
Assay. 

1219. The method of claim 1 183, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein pX least about 7 heat sources are disposed in 
the formation for each production well. 

1220. The method of claim 1 183, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a uyut of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1221 . The method of claim 1 183, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of ,tfie units are repeated 
over an area of the formation to form a repetitive pattern of units'. 

/ 

1222. A method of treating a hydrocarbon containing formatibn in situ, comprising: 
providing heat from one or more heat sources to at lealt a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; and / 

producing a mixture from the formation, wherein me produced mixture comprises 

condensable hydrocarbons, and wherein less than about y % by weight, when calculated 

on an atomic basis, of the condensable hydrocarbons is ^(xygen. 

1223. The method of claim 1222, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within/the selected section of the 
formation. 

1224. The method of claim 1222, wherein the on^ or more heat sources comprise 
electrical heaters. 

1225. The method of claim 1222, wherein the one or more heat sources comprise 
surface burners. 



1226. The method of claim 1222, wherein the jbne or more heat sources comprise 
flameless distributed combustors. 



1227. The method of claim 1222, wherein thp one or more heat sources comprise natural 
distributed combustors. 
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1228. The method of claim 1222, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section o^jthe formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1229. The method of claim 1228, wherein controlling the temperature comprises 
maintaining the temperature within the selected section yithin a pyrolysis temperature 
range. 

1230. The method of claim 1222, further comprising controlling the heat such that an 
average heating rate of the selected section is less thpi about 1 °C per day during 
pyrolysis. 

123 1 . The method of claim 1222, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wlierein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equatior 
Pwr = h*V*C v *p B 

wherein Pwr is the heating enerefr/day, h is an average heating rate of the 
formation, p B is formation bulk density,/and wherein the heating rate is less than about 10 
°C/day. 

1232. The method of claim 1222, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



449 



Conley, Rose&Tayon, P.C. 



1233. The method of claim 1222, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W^m °C). 

1234. The method of claim 1222, wherein the produced fixture comprises condensable 
hydrocarbons having an API gravity of at least about 25 c 

1235. The method of claim 1222, wherein the produced! mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to ab<put 15 % by weight of the 
condensable hydrocarbons are olefins. 

1236. The method of claim 1222, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight 
of the non-condensable hydrocarbons are olefins. 

1237. The method of claim 1222, wherein the prodiiced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, apd wherein the ratio of ethene to 
ethane is greater than about 0.00 1 . 

1238. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1239. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 °i> by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1240. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about j % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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1 241 . The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, andXvherein the oxygen 

containing compounds comprise phenols. / . 

/ / 

1242. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1243. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 Vd by weight of the condensable 
hydrocarbons comprises multi-ring aromatics/with more than two rings. 

1244. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1245. The method of claim 1222, vynerein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5/% by weight to about 30 % by weight of the 
condensable hydrocarbons are cycdoalkanes. 

1246. The method of claim 12^2, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

1247. The method of claim 1222, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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1248. The method of claim 1222, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1249. The method of claim 1222, further comprising controlling a pressure within at 

/ 

least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1250. The method of claim 1222, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 hi 

125 1 . The method of claim 1250, whereyn the partial pressure of H2 is measured when 
the mixture is at a production well. 

1252. The method of claim 1222, further comprising altering a pressure within the 
formation to inhibit production of l^ydrocarbons from the formation having carbon 
numbers greater than about 25. 

1253. The method of claim 1222, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1254. The method of claim 1222, further comprising: 
providing hydrogep (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portiorf of the section with heat from hydrogenation. 



1255. The method of claim 1222, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 
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1256. The method of claim 1222, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected sqption to greater than about 100 
millidarcy. j 

/ 

1257. The method of claim 1222, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



10 



1258. The method of claim 1222, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensabl^f hydrocarbons, as measured by the Fischer 
Assay. 
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1259. The method of claim 1222, wherein producing the mixture comprises producing 
the mixture in a production well, ana wherein at least about 7 heat sources are disposed in 
the formation for each productionAvell. 

1260. The method of claim 1/22, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1261. The method ofyclaim 1222, further comprising providing heat from three or more 
heat sources to at lea/t a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises/a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



30 



1262. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of th£ formation; and 
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producing a mixture from the formation, wherein the produced mixture comprises 

A 

condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 

on an atomic basis, of the condensable hydrocarbons is sulfur. 

/ 

1263. The method of claim 1262, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1264. The method of claim 1262, wherein the one or more heat sources comprise 
electrical heaters. / 

1265. The method of claim 126*2, wherein the one or more heat sources comprise 
surface burners. / 

1266. The method of claim 1262, wherein the one or more heat sources comprise 
flameless distributed com/oustors. 

1267. The method oyclaim 1262, wherein the one or more heat sources comprise natural 
distributed combustors. 

1268. The method of claim 1262, further comprising controlling a pressure and a 
temperature witj/in at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1269. The/method of claim 1268, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. / 
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1270. The method of claim 1262, further comprising controlling the heat into such that 
an average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

/ 

1271 . The method of claim 1262, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume ( V) pf the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/pay provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B / 

wherein Pwr is the Keating energy/day, h is an average heating rate of the 
formation, p B is formatiori/lDulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1272. The method of claim 1262, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1273. The method of claim 1262, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion or the selected section is greater than about 0.5 W/(m °C). 

1274. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1275. The/method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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1276. The method of claim 1262, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. // 

i 

1271. The method of claim 1262, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio,of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . / 
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1278. The method of claim 1262, wherein /he produced mixture comprises condensable 
hydrocarbons, and wherein less than abouy 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons iss nitrogen. 

1279. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than About 1 % by weight, when calculated on an atomic 
basis, .of the condensable hydrocarbons is oxygen. 

1280. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 f/o by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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1281 . The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatir compounds. 
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1282. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1283. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

/ 

1284. The method of claim 1262, wherein the prodiiced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight t^/a'bout 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1285. The method of claim 1262, wherein tfie produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogenyis less than about 80 % by volume of the non- 
condensable component. 

1286. The method of claim 1262, wherein the produced mixture comprises ammonia, 
and wherein greater than about JO. 05 % by weight of the.produced mixture is ammonia. 



1287. The method of clainyl262, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1288. The method of claim 1262, further comprising controlling a pressure within at 
least a majority of the^elected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1289. The method of claim 1262, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 



1290. The method of claim 1289, wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. 
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1291 . The method of claim 1262, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

/ 

1292. The method of claim 1262, wherein controlling formation conditions comprises 

recirculating a portion of hydrogen from the mixture into the formation. 

/ 

1293. The method of claim 1262, further comprising: 
providing hydrogen (H2) to the heate^l section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section wvfh heat from hydrogenation. 

1294. The method of claim 1262, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocapons with at least a portion of the produced hydrogen. 

1295. The method of claim 12o2, wherein allowing the heat to transfer comprises 
increasing a permeability of a jnajority of the selected section to greater than about 1 00 
millidarcy. 

1296. The method of clai/fn 1262, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1297. The method oyclaim 1262, further comprising controlling the heat to yield greater 
than about 60 % by ^eight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1298. The method of claim 1262, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well 
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1299. The method of claim 1262, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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1300. The method of claim 1262, further comprising providing heat from three or more 
heat sources to at least a portion of the formationy^vherein three or more of the heat 
sources are located in the formation in a unit of neat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1301. A method of treating a hydrocarbon containing formation in situ, comprising: 

raising a temperature of a first section of the formation with one or more heat 
sources to a first pyrolysis temperature; 

heating the first section to annipper pyrolysis temperature, wherein heat is 
supplied to the first section at a rate configured to inhibit olefin production; 

producing a first mixture fcom the formation, wherein the first mixture comprises 
condensable hydrocarbons and 

creating a second mixture from the first mixture, wherein the second mixture 
comprises a higher concentration of H2 than the first mixture; 

raising a temperature of a second section of the formation with one or more heat 
sources to a second pyrolwis temperature; 

providing a portion of the second mixture to the second section; 

heating the second section to an upper pyrolysis temperature, wherein heat is 
supplied to the second section at a rate configured to inhibit olefin production; and 

producing a third mixture from the second section. 



1302. The method of claim 1301, wherein creating the second mixture comprises 
removing condensaple hydrocarbons from the first mixture. 
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1303. The method of claim 1301 ? wherein creating the second mixture comprises 
removing water from the first mixture. 



1304. The method of claim 1301, wherein creating the second mixture comprises 
removing carbon dioxide from the first mixture. 

1305. The method of claim 1301, wherein the firs/pyrolysis temperature is greater than 
about 270 °C. 

1306. The method of claim 1301, wherein ttyk second pyrolysis temperature is greater 
than about 270 °C. 

1307. The method of claim 1301, wherein the upper pyrolysis temperature is about 500 
°C. 

1308. The method of claim 1301, Wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the first or second selected section 
of the formation. 

1309. The method of claim /301, wherein the one or more heat sources comprise 
electrical heaters. 

1310. The method of cla/m 1301, wherein the one or more heat sources comprise 
surface burners. 

1311. The method of jfclaim 1301, wherein the one or more heat sources comprise 
flameless distributed combustors. 



1312. The method of claim 1301, wherein the one or more heat sources comprise natural 
distributed combustprs. 
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1313. The method of claim 1301, further comprising controlling a pressure and a 
temperature within at least a majority of the first section and the second section of the 
formation, wherein the pressure is controlled as a function of temperature, or the 
temperature is controlled as a function of pressure. 

1314. The method of claim 1301, further comprisip/controlling the heat to the first and 
second sections such that an average heating rate 91 the first and second sections is less 
than about 1 °C per day during pyrolysis. 

1315. The method of claim 1301, wherein gating the first and the second sections 
comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least /ome hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/dav/provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the Equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the healing energy/day, h is an average heating rate of the 
formation, p B is formation bvfk density, and wherein the heating rate is less than about 10 
°C/day. 

1316. The method of claim 1301, wherein heating the first and second sections 
comprises transferring neat substantially by conduction. 

1317. The method oflclaim 1301 , wherein heating the first and second sections 
comprises heating the first and second sections such that a thermal conductivity of at least 
a portion of the first And second sections is greater than about 0.5 W/(m °C). 
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1318. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 

1319. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are olefins. 

1320. The method of claim 1301 , wherein the first c/r third mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about O.OJi to about 0.15. 

1321. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less tl/an about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 

1322. . The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is oxygen. 

1323. The method of claim 1301 , wt/erein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensaple hydrocarbons is sulfur. 

1324. The method of claim 130/, wherein the first or third mixture comprises 
condensable hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compoundacomprise phenols. 



1 325. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, ^id wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 
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1 326. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

/ 

1327. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about/0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. / 

1328. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein about 5r/o by weight to about 30 % by weight of 
the condensable hydrocarbons are cycloalkanes: 

1329. The method of claim 1301, wherein/the first or third mixture comprises a non- 
condensable component, and wherein theynon-condensable component comprises 
hydrogen, and wherein the hydrogen is greater than about 1 0 % by volume of the non- 
condensable component and wherein tfre hydrogen is less than about 80 % by volume of 
the non-condensable component. / 

1330. The method of claim 130l£ wherein the first or third mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1331. The method of claim /301 , wherein the first or third mixture comprises ammonia, 
and wherein the ammonia is/ used to produce fertilizer. 

1332. The method of claim 1301, further comprising controlling a pressure within at 
least a majority of the first or second sections of the formation, wherein the controlled 
pressure is at least aboui 2.0 bar absolute. 
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1333. The method of claim 1301, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

/ 

1334. The method of claim 1333, wherein the partial'pressure of H 2 within a mixture is 
measured when the mixture is at a production welly 

1335. The method of claim 1301, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1336. The method of claim 1301, further/comprising: 

providing hydrogen (H2) to the fi/st or second section to hydrogenate 
hydrocarbons within the first or second/section; and 

heating a portion of the first or/ second section with heat from hydrogenation. 

1337. The method of claim 1301 ,/further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1338. The method of clainy 1301, further comprising increasing a permeability of a 
majority of the first or second section to greater than about 100 millidarcy. 

1339. The method of claim 1301, further comprising substantially uniformly increasing 
a permeability of a majority of the first or second section. 



1340. The method of dlaim 1301, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 
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1341. The method of claim 1301, wherein producing the first or third mixture comprises 
producing the first or third mixture in a production well, and wherein at least about 7 heat 
sources are disposed in the formation for each production well. 

1 342. The method of claim 1301, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a uni/ of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1343. The method of claim 1301, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formationyin a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to fiorm a repetitive pattern of units. 

1344. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from ope or more heat sources to at least a portion of the 

formation; 

allowing the heat Xsf transfer from the one or more heat sources to a selected 
section of the formation- 
producing a mixrure from the formation; and 

hydrogenating fa portion of the produced mixture with H 2 produced from the 
formation. 

1345. The methocy of claim 1344, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes/at least some hydrocarbons within the selected section of the 
formation. 



1346. ThemetHod 
the selected sect 



of claim 1344, further comprising maintaining a temperature within 
on within a pyrolysis temperature range. 
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1347. The method of claim 1344, wn 
electrical heaters. 

u • t/e one or more heat sources comprise 

, r io;m 1 144 wherein the one or 
l3 48. The method of claim 1344, j 

surface burners. 

, , , im 1344 whe/eintheoneormoreheatsourcescomprise 
1349. The method of claim 1344, w j ^ 
flameless distributed combustors. 

fr 1344 /hereintheoneormoreheatsourcescomprisenatural 
1350. The method of claim 1344ywher 
distributed combustors. 

a function of pressure. 

I ■ ■ .ntmlline the heat such that an 

. i n44 further compnsing controlling xn 
1352. The method of ctfim 1344 i ^ ^ day dunng 

u ts„a rate of /he selected section is less m 
average heating rate oyi 

pyrolysis. 

I laiml3 44 whereinprovidingbea.frommeoneo^orehea, 
,353 The methodbf claim 1344, w 

0 „e or more he Jsources, wherem ,h torn ^ ^ ^ volume of 

wteeinftehJingpyro^satkastsomehyd 

ta formation; U ^ u equal ,o or .ess than F-r. 

whereif heating energy/day P«>v.ae 

wherein fwrlcalcu,a«ed by the equation, 

Pwr = h*V*C v *p B 
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m»v h is an average heating rate of the 
formation, p B is tormanou * 



°C/day. 
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U54 The method of claim 1344, wnc . 
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a portion of the selected secttonts greyer than 

, • ,,44 /herein me produced mixture comprises condensaHe 
,356. The method of clamt 1344, *heremt p 

*Dtoravitvofatleastabout25 . 
hydrocarbons havmg an API gravity 

Mrocarbons.and.hereinab/utO.l % by we,gh, to abou 

condensable hydrocarbons A olefins. 

„ . f J ,344 wherein the produced mixture comprises non- 
1358 . The method of clatfe * . ^ ^ ^ ^ ,„ me non . 

Reusable hydrocarbons, and where, , 5 
condensable hydrocarbons ranges from about 0.001 

/ • nmnrises condensable 
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hydrocarbons, and wfierem ^ 
b asis,of.heco»deniable hydrocarbons is nitrogen. 

^ofureconlnsablehydrocarbonsisoxygen. 
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1361 . The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1362. The method of claim 1344, wherein the,produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight t/about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing expounds, and wherein the oxygen 
containing compounds comprise phenols. 

1363. The method of claim 1344, wherei/ the produced mixture comprises condensable 
hydrocarbons, and wherein greater than aiout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1364. The method of claim 1344, wj/erein the produced mixture comprises condensable 
hydrocarbons, and wherein less than/about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring iromatics with more than two rings. 

1365. The method of claim ml wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less /ian about 0.3 % by weight of the condensable 

hydrocarbons are asphaltenes. 

1366. The method of claim ^44, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein aLt 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons aife cycloalkanes. 



a non- 



1367. The method of clairrJ 1344, wherein the produced mixture comprises ; 
condensable component, wJerein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greLter than about 10 % by volume of the non-condensable 
component, and wherein th| hydrogen is less than about 80 % by volume of the non- 

condensable component. 
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1368. The method of claim 1344, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1369. The method of claim 1344, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 370. The method of claim 1 344, further comprising' controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1371 . The method of claim 1344, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure o|H 2 within the mixture is greater than 
about 0.5 bar. 

1 372. The method of claim 1 344, wherein the/partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1 373 . The method of claim 1 344, further comprising altering a pressure within the 
formation to inhibit production of hydrocarjbons from the formation having carbon 
numbers greater than about 25. 

1 3 74 . The method of claim 1 344, furthet comprising: 
providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section (vith heat from hydrogenation. 



1375. The method of claim 1 344, wbj 
increasing a permeability of a majority 
millidarcy. 



;rein allowing the heat to transfer comprises 
of the selected section to greater than about 100 



I 
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1376. The method of claim 1344, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1377. The method of claim 1344, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1378. The method of claim 1344, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at ^ast about 7 heat sources are disposed in 
the formation for each production well. 

1379. The method of claim 1344, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a ur/t of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1380. The method of claim 1344, further comprising providing heat from three or more 
heat sources to at least a portion of th/ formation, wherein three or more of the heat 
sources are located in the formation/n a unit of heat sources, wherein the unit of heat 
sources comprises a triangular patt/rn, and wherein a plurality of the units are repeated 
over an area of the formation to fdrm a repetitive pattern of units. 

1381. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a first section of the formation; 

producing H 2 from the/ first section of formation; 
heating a second section of the formation; and 

recirculating a portidn of the H 2 from the first section into the second section of 
the formation to provide a Reducing environment within the second section of the 
formation. 
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1382. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with an electrical heater. 



1383. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with a surface burner. / 



1384. The method of claim 1381, wherein heating theffirst section or heating the second 
section comprises heating with a flameless distributed combustor. 

10 1 385. The method of claim 1381 , wherein heating trie first section or heating the second 
section comprises heating with a natural distributed/combustor. 



m 



1386. The method of claim 1381, further comprising controlling a pressure and a 



M temperature within at least a majority of the first/or second section of the formation, 

m 

(if wherein the pressure is controlled as a function bf temperature, or the temperature is 



11 2 

5 controlled as a function of pressure. 



1387. The method of claim 1381, further comprising controlling the heat such that an 
average heating rate of the first or second section is less than about 1 °C per day during 

: ' S 

|20 pyrolysis. 

1 388. The method of claim 1381, where jti heating the first section or heating the second 
section further comprises: 

heating a selected volume (V) of/the hydrocarbon containing formation from the 
25 one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least s(ome hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than 
wherein Pwr is calculated by the equation: 
30 Pwr = h*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



1389. The method of claim 1381, wherein heating the first section or heating the second 
section comprises transferring heat substantially by conduction. 



1 390. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating the formation such that a thermal conductivity of at least a 
portion of the first or second section is greater than about 0.5 W/(m °C). 

1391. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture cqmprises condensable hydrocarbons 
having an API gravity of at least about 25°. 

1392. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0. 1 % by weight to about 1 5 yo by weight of the condensable hydrocarbons 
are olefins. 

1393. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises non-condensable hydrocarbons, 
and wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons 
ranges from about 0.001 to about 0.15. 



1394. The method of claim 1381, furthp comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 



wherein less than about 1 % by weight, 
condensable hydrocarbons is nitrogen. 



when calculated on an atomic basis, of the 
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1395. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on' an atomic basis, of the 
condensable hydrocarbons is oxygen. / 
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1 396. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

1397. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by/weight of the condensable hydrocarbons 
comprise oxygen containing compounds, and wherein the oxygen containing compounds 
comprise phenols. 

1 398. The method of claim 1381, further Comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 



25 



1399. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weigh* of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 



30 



1 400. The method of claim 1381, Mther comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 
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1 40 1 . The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



1402. The method of claim 1381, further comprising prbducing a mixture from the 
second section, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 1 0 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

1403. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

1404. . The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises ammonia, and wherein the 
ammonia is used to produce fertilizer. / 

1405. The method of claim 1381, fuilner comprising controlling a pressure within at 
least a majority of the first or second section of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 

1406. The method of claim 1381/ further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

1407. The method of claim 1406, wherein the partial pressure of H 2 within a mixture is 
measured when the mixture is at a production well. 
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1408. The method of claim 138 1, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

/ 

1 409. The method of claim 1381, further comprising: 

providing hydrogen (H2) to the second section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the second section wim heat from hydrogenation. 

1410. The method of claim 1381, further comprising: 

producing hydrogen and condensable Hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

141 1. The method of claim 1381, wherein heating the first section or heating the second 
section comprises increasing a permeability of a majority of the first or second section, 
respectively, to greater than about lOOvmillidarcy. 

1412. The method of claim 1381, wherein heating the first section or heating the second 
section comprises substantially uniformly increasing a permeability of a majority of the 
first or second section, respectively. 

1413. The method of claim 1381, further comprises controlling the heating of the first 
section or controlling the heat of the second section to yield greater than about 60 % by 
weight of condensable hydrocarbons, as measured by the Fischer Assay. 

1414. The method of claim A381, further comprising producing a mixture from the 
formation in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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1415. The method of claim 1381, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

/ 

1416. The method of claim 1381, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1417. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

producing a mixture from the formation; and 

controlling formation conditions such that the mixture produced from the 
formation comprises condensable hydrocarbons including H2, wherein the partial 
pressure of H2 within the mhoure is greater than about 0.5 bar. 

1418. The method of claim 1417, wherein the one or more heat sources comprise at 
least two heat sources, and/wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1419. The method of claim 1417, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 
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1420. The method of claim 1417, wherein the one or more heat sources comprise 
electrical heaters. 



1421. The method of claim 1417, wherein the one or more heat sources comprise 
surface burners. ' 

1422. The method of claim 1417, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1423. The method of claim 1417, wherein jfoe one or more heat sources comprise natural 
distributed combustors. 

1424. The method of claim 1417, further comprising controlling a pressure and a 
temperature within at least a majority of Ahe selected section of the formation, wherein 
the pressure is controlled as a function ff temperature, or the temperature is controlled as 
a function of pressure. 

1425. The method of claim 1417, farther comprising controlling the heat such that an 
average heating rate of the selected^ection is less than about 1 °C per day during 
pyrolysis. 



1426. The method of claim 141 y, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volum ; (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes ai least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energyfday provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by tiie equation: 

Pwr = h*V*C v *p B I 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 



/. 



1427. The method of claim 1417, wherein allo^wing the heat to transfer comprises 
transferring heat substantially by conduction. 



1428. The method of claim 1417, wherein Providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1429. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1430. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 f/o by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefir 

143 1. The method of claim 141 7,/wherein the produced mixture comprises non- 
condensable hydrocarbons, and wnerein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1432. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1433. The method of claim/1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1434. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1435. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



1436. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 2JL) % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1437. The method of claim 1417, wherein tne produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromaties with more than two rings. 

1438. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abopt 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1439. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 %/by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloallcanes. 



1440. The method of claim 1417, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater thaifi about 1 0 % by volume of the non-condensable 



component, and wherein the hydro 
condensable component. 



;en is less than about 80 % by volume of the non- 
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1441. The method of claim 1417, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

i 

1442. The method of claim 1417, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

/ 

1443. The method of claim 1417, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1444. The method of claim 1417, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1445. The method of claim 1417, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1 446. The method of claim 1417, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with/heat from hydrogenation. 

1 447. The method of claim 1417, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

1448. The method of claim 1417, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. I 
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1449. The method of claim 1417, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1450. The method of claim 1417, further comprising^controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

145 1 . The method of claim 1417, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at^east about 7 heat sources are disposed in 
the formation for each production well. 

1452. The method of claim 1417, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unjt of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1453. The method of claim 1417, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation inia unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern/ and wherein a plurality of the units are repeated 
over an area of the formation to form/a repetitive pattern of units. 



1454. The method of claim 1417, \ 
is measured when the mixture is at a 



formation; 

allowing the heat to transfer 
section of the formation; 



herein the partial pressure of H2 within the mixture 
production well. 



1455. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or riore heat sources to at least a portion of the 



Tom the one or more heat sources to a selected 
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maintaining a pressure of the selected section above atmospheric pressure to 
increase a partial pressure of H2, as compared to the partial pressure of H2 at atmospheric 
pressure, in at least a majority of the selected section; and 

producing a mixture from the formation, wherein the/produced mixture comprises 
condensable hydrocarbons having an API gravity of at least/about 25°. 

1456. The method of claim 1455, wherein the one or moce heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



1457. The method of claim 1455, further comprising jiaintaining a temperature within 
the selected section within a pyrolysis temperature ranee. 



1458. The method of claim 1455, wherein the one oj* more heat sources comprise 
electrical heaters. 

1459. The method of claim 1455, wherein the oni or more heat sources comprise 
surface burners. 



1460. The method of claim 1455, wherein the <jne or more heat sources comprise 
flameless distributed combustors. 



1461 . The method of claim 1455, wherein thq 
distributed combustors. 



one or more heat sources comprise natural 



1462. The method of claim 1455, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of tern Derature, or the temperature is controlled as 
a function of pressure. 
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1463. The method of claim 1455, farther comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

1464. The method of claim 1455, wherein providing heat from the /one or more heat 
sources to at least the portion of formation comprises: I 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within tpe selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is eq\/al to or less than iVr, 
wherein Pwr is calculated by the equation: 
Pwr =h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average Seating rate of the 
formation, p B is formation bulk density, and wherein the heatinjg rate is less than about 10 
°C/day. 

1465. The method of claim 1455, wherein allowing the hea^ to transfer comprises 
transferring heat substantially by conduction. 



1466. The method of claim 1455, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a tjnermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1467. The method of claim 1455, wherein the produced 
hydrocarbons, and wherein about 0.1 % by weight to abo^t 
condensable hydrocarbons are olefins. 



nixture comprises condensable 
15 % by weight of the 



1468. The method of claim 1455, wherein the produced! mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio ofjethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to apout 0.15. 
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1469. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1470. The method of claim 1455, wherein the produced mixture/comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when jcalculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1471 . The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, whp calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1472. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % py weight of the condensable 
hydrocarbons comprise oxygen containing compounds, an^ wherein the oxygen 
containing compounds comprise phenols. 

1473. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by ^veight of the condensable 
hydrocarbons are aromatic compounds. 



25 
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1474. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by wepght of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



1475. The method of claim 1455, wherein the 
hydrocarbons, and wherein less than about 0.3 % by 
hydrocarbons are asphaltenes. 



produced mixture comprises condensable 
veight of the condensable 
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1476. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. p 

1477. The method of claim 1455, wherein the produced mixiire comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume Jof the non-condensable 
component, and wherein the hydrogen is less than about 80/% by volume of the non- 
condensable component. 

1478. The method of claim 1455, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1479. The method of claim 1455, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer^ 

1480. The method of claim 1455, further comprising controlling the pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

148 1 . The method of claim 1455, further comprising increasing the pressure of the 
selected section, to an upper limit of about 21 bar absolute, to increase an amount of non- 
condensable hydrocarbons produced from the formation. 



1482. The method of claim 1455, further comprising decreasing pressure of the selected 
section, to a lower limit of about atmospheric pressure, to increase an amount of 
condensable hydrocarbons produced from the formation. 

1483. The method of claim 1455, wherein the martial pressure comprises a partial 
pressure based on properties measured at a proc uction well. 



\ 
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1484. The method of claim 1455, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



1485. The method of claim 1455, further comprising/controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



1486. The method of claim 1455, further comprising: 
providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with hekt from hydrogenation. 

1487. The method of claim 1455, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1488. The method of claim 1455, Wherein allowing the heat to transfer comprises 
increasing a permeability of a majo/ity of the selected section to greater than about 100 
millidarcy. 

1489. The method of claim 145(5, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1490. The method of claim 1455, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1491 . The method of clai/n 1455, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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1492. The method of claim 1455, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1493. The method of claim 1455, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit/ of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1494. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer prom the one or more heat sources to a selected 
section of the formation; / 

providing H2 to the formation to produce a reducing environment in at least some 
of the formation; / 

producing a mixture from the formation. 

1495. The method of claim 1A94, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1496. The method of claim 1494, further comprising maintaining a temperature within 
the selected section withim a pyrolysis temperature range. 

1497. The method of claim 1494, further comprising separating a portion of hydrogen 
within the mixture and recirculating the portion into the formation. 
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1498. The method of claim 1494, wherein the one or more heat sources comprise 
electrical heaters. 

/ 

1499. The method of claim 1494, wherein the one or more heat sources comprise 
surface burners. / ' 

1500. The method of claim 1494, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

1 501 . The method of claim 1494, wherein the one or more heat sources comprise natural 
distributed combustors. / 

1502. The method of claim 1494, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1503. The method of claim 1494, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1504. The method of claim i494, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *d B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

/ 

1505. The method of claim 1494, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

1506. The method of claim 1494, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater man about 0.5 W/(m °C). 

1507. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1508. The method of claim 1494, whdrein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 ro by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

1509. The method of claim 1494, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wnerein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1510. The method of claim 1404, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1511. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1512. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur/ 

/ 

1513. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenol 

1514. The method of claim 1494, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein greater man about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1515. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1516. The method of clmm 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1517. The method df claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1518. The method of claim 1494, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, ann wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



490 



Conley, Rose & Tayon, P C. 



1519. The method of claim 1494, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

/ 

1520. The method of claim 1494, wherein the produced/mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer.. 



1521. The method of claim 1494, further comprising controlling a pressure within at 
least a majority of the selected section of the forrr^ation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1522. The method of claim 1494, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 

1523. The method of claim 1494, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1524. The method of claim 1494, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. j 

f 

1525. The method of claim 1494, wherein providing hydrogen (H 2 ) to the formation 
further comprises; j 

hydrogenating hydrocarbons within the section; and 

s 

heating a portion of the section with heat from hydrogenation. 



1526. The method of claim 1494, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 

/ 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 
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1527. The method of claim 1494, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1528. The method of claim 1494, wherein allowing th/ heat to transfer comprises 
substantially uniformly increasing a permeability of a/majority of the selected section. 



10 

ffl 

W 

□5 

ill 



25 



1529. The method of claim 1494, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydroc/arbons, as measured by the Fischer 
Assay. 

1530. The method of claim 1494, wherein producing the mixture comprises producing 
the mixture in a production well, and whereiiyat least about 7 heat sources are disposed in 
the formation for each production well. 

1531. m The method of claim 1494, further/comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in 3/\xmt of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern 

1 532. The method of claim 1494, farther comprising providing heat from three or more 
heat sources to at least a portion of me formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



30 



1 533. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from onq or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 
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providing H2 to the selected section to hydrogenate hydrocarbons within the 
selected section and to heat a portion of the section with heat from the hydrogenation; 
and 

controlling heating of the selected section by/controlling amounts of H2 provided 
to the selected section. 

1534. The method of claim 1533, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons \ythin the selected section of the 
formation. 

1535. The method of claim 1533, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1536. The method of claim 1533, wherein the one or more heat sources comprise 
electrical heaters. 

1537. The method of claim 1533, wherein the one or more heat sources comprise 
surface burners. 

1538. The method of claim 1533/ wherein the one or more heat sources comprise 
flameless distributed combustorsi 

1539. The method of claim 15^3, wherein the one or more heat sources comprise natural 
distributed combustors. 

1540. The method of claim f 533, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as/a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1 541 . The method of claim 1 533, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



1542. The method of claim 1533, wherein providing 'heat from the one or more heat 



sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 



1 543. The method of claim 1 5J3, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 544. The method of clainy 1533, wherein providing heat from the one or more heat 
sources comprises heating me selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1545. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

1546. The method/of claim 1533, further comprising producing a mixture from the 
formation, wherein/ the produced mixture comprises condensable hydrocarbons, and 



/ 



°C/day. 
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wherein about 0. 1 % by weight to about 1 5 % by weight of the condensable hydrocarbons 
are olefins. 

1 547. The method of claim 1 533, further comprising producing a mixture from the 

/ 

formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. / 

1548. The method of claim 1 533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. / 

1549. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. / 

1 550. The method of claim 1 533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, iwhen calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. / 

1551. The method of claim 1 533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 %py weight of the condensable hydrocarbons comprise 
oxygen containing compounds, ana wherein the oxygen containing compounds comprise 
phenols. / 

1552. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

1 553. The method of claim 1 533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises copdensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. / 

1554. The method of claim 1 533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of me condensable hydrocarbons are 
asphaltenes. / 

1 555. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to abow 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. * / 

1 556. The method of claim 1 53^, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 1 0 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

1557. The method of claim 1 533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weighyof the produced mixture is ammonia. 

1558. The method or claim 1533, further comprising producing a mixture from the 
formation, wherein tne produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 



496 



Conley, Rose & Tayon, P C. 



1559. The method of claim 1533, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

/ 

1 560. The method of claim 1 533, further comprising controlling formation conditions to 
produce a mixture from the formation, whereiiya partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

1561. The method of claim 1 560, whereir/ the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1562. The method of claim 1533, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1 563. The method of claim 1 53y8, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from a produced mixture into the formation. 

1 564. The method of claim/1533, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced Iwdrogen. 

1 565. The method of claim 1 533, wherein allowing the heat to transfer comprises 
increasing a permeabi/ity of a majority of the selected section to greater than about 100 
millidarcy. 

1 566. The methocy of claim 1533, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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1567. The method of claim 1533, wherein the heating is controlled of claim 1533, 
further comprising producing a mixture in a production well, and wherein at least about 7 
heat sources are disposed in the formation for each production well. 

1568. The method of claim 1533, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat soySrces, and wherein the unit of heat 
sources comprises a triangular pattern. 

1569. The method of claim 1533, further compris/ng providing heat from three or more 
heat sources to at least a portion of the formation/wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 570. An in situ method for producing H/ from a hydrocarbon containing formation, 
comprising: 

providing heat from one or mor^ heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture fromAhe formation, wherein a H2 partial pressure within the 
mixture is greater than about O.ybar. 

1571 . The method of claim p70, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least spme hydrocarbons within the selected section of the 
formation. 



1572. The method of clfiim 1 570, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 
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1573. The method of claim 1570, wherein the one or more heat sources comprise 
electrical heaters. 

1 574. The method of claim 1 570, wherein the one or more heat sources comprise 

/ 

surface burners. / 

1 575. The method of claim 1 570, wherein the on</ or more heat sources comprise 
flameless distributed combustors. 

1 576. The method of claim 1570, wherein the/one or more heat sources comprise natural 
distributed combustors. 

1577. The method of claim 1570, further comprising controlling a pressure and a 
temperature within at least a majority of me selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1 578. The method of claim 1 570, fi/rther comprising controlling the heat such that an 
average heating rate of the selected^ection is less than about 1 °C per day during 
pyrolysis. 

1579. The method of claim 15^0, wherein providing heat from the one or more heat 
sources to at least the portion or formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzejs at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating ene£gy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated py the equation: 
Pwr =h*V*C v *p B \ 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 

1 580. The method of claim 1 570, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1581. The method of claim 1 570, wherein providing^ heat from the one or more heat 
sources comprises heating the selected section such/that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1582. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at leas/ about 25°. 

1583. The method of claim 1570, whereirythe produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1 584. The method of claim 1 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0. 15. 

1585. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1586. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1 587. The method of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. / 

,* / 
r 

i 

1588. The method of claim 1570, wherein the produced ^nixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30?/o by weight of the condensable 
hydrocarbons comprise oxygen containing compounds,/and wherein the oxygen 
containing compounds comprise phenols. 

1 589. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 %/by weight of the condensable 
hydrocarbons are aromatic compounds. 

1 590. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 °/<Jby weight of the condensable 
hydrocarbons comprises multi-ring aromatics Avith more than two rings. 

1591. The method of claim 1 570, wherein *he produced mixture comprises condensable 
hydrocarbons, and wherein less than about/0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1592. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloallcanes. 



1593. The method of claim 1570, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrog m is less than about 80 % by volume of the non- 
condensable component. 



\ 
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1 594. The method of claim 1 570, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1595. The method of claim 1570, wherein the produced fixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1596. The method of claim 1570, further comprising controlling a pressure within at 
least a majority of the selected section of the formatiop, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1597. The method of claim 1 570, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons ^rom the formation having carbon 
numbers greater than about 25. 

1 598. The method of claim 1 570, further comprising recirculating a portion of the 
hydrogen within the mixture into the formation. 

1599. The method of claim 1570, further/comprising condensing a hydrocarbon 
component from the produced mixture apd hydrogenating the condensed hydrocarbons 
with a portion of the hydrogen. 

1600. The method of claim 1570, fisher comprising: 
providing hydrogen (H2) to tlje heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

1601 . The method of claim 1 570; wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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1602. The method of claim 1 570, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1603. The method of claim 1 570, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1604. The method of claim 1 570, wherein producinj 
the mixture in a production well, and wherein at least 
the formation for each production well. / 

1605. The method of claim 1 570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation/ wherein three or more of the heat 
sources are located in the formation in a unit of fteat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1606. The method of claim 1570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1607. The method of claim 1570, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1608. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 



/the mixture comprises producing 
/about 7 heat sources are disposed in 
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wherein the selected section has been selected for heating using an atomic 
hydrogen weight percentage of at least a portion of hydrocarbons in the selected section, 
and wherein at least the portion of the hydrocarbons in the selected section comprises an 
atomic hydrogen weight percentage, when measured on a dry, ash-free basis, of greater 
than about 4.0 %; and / 

producing a mixture from the formation. / 

1 609. The method of claim 1 608, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1610. The method of claim 1 608, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1611. The method of claim 1608, whe/ein the one or more heat sources comprise 
electrical heaters. / 

1612. The method of claim 1608, wherein the one or more heat sources comprise 
surface burners. / 

1613. The method of claim 1608, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1614. The method of claim 1608, wherein the one or more heat sources comprise natural 
distributed combustors. / 

1615. The method of claim 1608, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controller as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1616. The method of claim 1608, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

1617. The method of claim 1608, wherein proydin^ heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least som^ hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day proVided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equapon: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating efoergy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1618. The method of claim L608, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1619. The method of claim 1608, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected/section is greater than about 0.5 W/(m °C). 

1620. The method oyclaim 1608, wherein the produced mixture comprises condensable 
hydrocarbons having/an API gravity of at least about 25°. 

1621 . The method /of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 



t 
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1622. The method of claim 1608, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

/ 

1623. The method of claim 1608, wherein the produced/mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weignt, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

1624. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1625. The method of claim 1608, wherein tne produced mixture comprises condensable 
hydrocarbons, and wherein less than about J % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is smlfur. 

1626. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1627. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1628. The method of claim y608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises miuti-ring aromatics with more than two rings. 
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1629. The method of claim 1608, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

// 

hydrocarbons are asphaltenes. / 

/ 

1630. The method of claim 1608, wherein the produced' mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to abc^ut 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1 63 1 . The method of claim 1 608, wherein the produced mixture comprises a non- 
condensable component, wherein the non-conden/sable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 VJ by volume of the non-condensable 
component, and wherein the hydrogen is less tjaan about 80 % by volume of the non- 
condensable component. 

1632. The method of claim 1608, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1633. The method of claim 1608, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1634. The method of claim 1608, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1635. The method of claim 1608, further comprising controlling formation conditions to 
produce the mixture, wherein $ partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

1636. The method of claW 1635, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 
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1637. The method of claim 1 608, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1638. The method of claim 1608, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture /nto the formation. . . , 

1639. The method of claim 1608, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

1640. The method of claim 1608, further Comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

1641 . The method of claim 1608/wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
rnillidarcy. / 

1642. The method of clairty 1608, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1643. The method of claim 1608, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

1644. The method pf claim 1608, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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1645. The method of claim 1608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

* 

/ 

1646. The method of claim 1608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern/of units. 

1647. A method of treating a hydrocarbon containing/formation in situ, comprising: 
providing heat from one or more heat sources ko at least a portion of the 

formation; / 

allowing the heat to transfer from the one o/more heat sources to a selected 
section of the formation; / 

wherein at least some hydrocarbons within the selected section have an initial 
atomic hydrogen weight percentage of greater than about 4.0 %; and 

producing a mixture from the formation. 

1648. The method of claim 1647, wherein me one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1649. The method of claim 1647, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1650. The method of claim 1647, wherein the one or more heat sources comprise 
electrical heaters. / 
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1651 . The method of claim 1647, wherein the one or more heat sources comprise 
surface burners. 



/ 



1652. The method of claim 1647, wherein the one or more heat/sources comprise 
flameless distributed combustors. 



1653. The method of claim 1647, wherein the one or mor^heat sources comprise natural 
distributed combustors. 



a« 1 654. The method of claim 1647, further comprising,controlling a pressure and a 

H / 

4l temperature within at least a majority of the selected/section of the formation, wherein 

/ 

1: the pressure is controlled as a function of temperature, or the temperature is controlled as 

fs a function of pressure. / 

yj / 

1655. The method of claim 1647, further comprising controlling the heat such that an 

111 / 

a average heating rate of the selected section is less than about 1 °C per day during 

'*! pyrolysis. 

HI 

p 1656. The method of claim 1647, wherein providing heat from the one or more heat 

f 2b sources to at least the portion of formation comprises: 

heating a selected volume (V) o^the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least/some hydrocarbons within the selected volume of 
the formation; and 

25 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B j 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
30 °C/day. 
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1657. The method of claim 1647, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1658. The method of claim 1647, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 

a portion of the selected section is greater than about/o.5 W/(m °C). 

/ 

1659. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least aoout 25°. 

1660. The method of claim 1647, wherein tl/e produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

1661. The method of claim 1647, wherein the produced mixture comprises non- 
condehsable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1662. The method of claim \6A1L wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less pan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1663. The method of claim k 647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein /ess than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1664. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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1665. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % Jjy weight of the condensable 
hydrocarbons comprise oxygen containing compounds, arid wherein the oxygen 
containing compounds comprise phenols. 

1666. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1667. The method of claim 1647, wherein thef produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5y% by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1668. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1669. The method of claim 1647/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abouy 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1670. The method of claim V647, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

1671. The method of claim 1647, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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1672. The method of claim 1647, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. \ 

/ 

1673. The method of claim 1647, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1674. The method of claim 1647, further comprising Controlling formation conditions to 
produce the mixture, wherein a partial pressure of Hywithin the mixture is greater than 
about 0.5 bar. / 

1675. The method of claim 1674, wherein the^artial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1676. The method of claim 1647, furthencomprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1677. The method of claim 1647, ftirther comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1678. The method of claim 1647, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion ofythe section with heat from hydrogenation. 

1679.. The method of claim 1647, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a/portion of the produced condensable hydrocarbons with at least a 

portion of the produced/ hydrogen. 
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1680. The method of claim 1647, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. /e / 



1681. The method of claim 1647, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1682. The method of claim 1647, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

1683. The method of claim 1647, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

1684. The method of claim 1647, furthei/comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation inr a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1685. The method of claim 1647, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1686. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing-the heat to transfer from the one or more heat sources to a selected 
section of the formation; 
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wherein the selected section has been selected for heating using vitrinite 
reflectance of at least some hydrocarbons in the selected section, and wherein at least a 
portion of the hydrocarbons in the selected section comprises a vitrinite reflectance of 
greater than about 0.3 %; j / 

wherein at least a portion of the hydrocarbons in the selected section comprises a 
vitrinite reflectance of less than about 4.5 %; and / 

producing a mixture from the formation. / 

1687. The method of claim 1686, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1688. The method of claim 1686, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature. 

1689. The method of claim 1686, wherein the vitrinite reflectance of at least the portion 
of hydrocarbons within the selected section is between about 0.47 % and about 1.5 % 
such that a majority of the produced mixture comprises condensable hydrocarbons. 

1690. The method of claim 1686, vmerein the vitrinite reflectance of at least the portion 
of hydrocarbons within the selected/section is between about 1 .4 % and about 4.2 % such 
that a majority of the produced mixture comprises non-condensable hydrocarbons. 

1691. The method of claim 168/5, wherein the one or more heat sources comprise 
electrical heaters. / 

1692. The method of claim 1686, wherein the one or more heat sources comprise 
surface burners. / 
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1693. The method of claim 1686, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1 694. The method of claim 1 686, wherein the one or more heat sources comprise natural 
distributed combustors. 



10 



1695. The method of claim 1686, further comprising/controlling a pressure and a 
temperature within at least a majority of the selected/section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1 696. The method of claim 1 686, further comprising controlling the heat such that an 
average heating rate of the selected section \p less than about 1 °C per day during 
pyrolysis. 

1697. - The method of claim 1686, whe/ein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume {Vp of the hydrocarbon containing formation from the 
one or more heat sources, wherein me formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at Jeast some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energWday provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by /he equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the Meating energy/day, h is an average heating rate of the 
formation, p B is formation Jcmlk density, and wherein the heating rate is less than about 10 
°C/day. 



30 



1698. The method of clfaim 1686, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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1699. The method of claim 1686, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

/ 

1700. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 70 1 . The method of claim 1 686, wherein theyproduced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by w^ftght to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

1702. The method of claim 1686, whereik the produced mixture comprises non- 
condensable hydrocarbons, and wherein/a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges frony about 0.001 to about 0.15. 

1703. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1704. The method of claim 1©86, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1 705. The method of claim 1 686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable/ hydrocarbons is sulfur. 



1706. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 



hydrocarbons compris 
containing compounds 



oxygen containing compounds, and wherein the oxygen 
comprise phenols. 
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1 707. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

/ 

1708. The method of claim 1686, wherein the produced mature comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with moreihan two rings. 



1709. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 



hydrocarbons are asphaltenes. 



1710. The method of claim 1686, wherein the'produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by wej^ht to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1711. The method of claim 1 686, wherein the produced mixture comprises a non- 
condensable component, wherein the n^n-condensable component comprises hydrogen, 
wherein the hydrogen is greater than/bout 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



1712. The method of claim 1 686, wherein the produced mixture comprises ammonia, 
and wherein greater than abou/o.05 % by weight of the produced mixture is ammonia. 



1713. The method of claim/ 1686, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 
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1714. The method of claim 1686, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

/ 

1715. The method of claim 1686, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 wi the mixture is greater than 
about 0.5 bar. / 

1716. The method of claim 1715, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. / 

1717. The method of claim 1686, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1718. The method of claim 1 686, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from ftie mixture into the formation. 

1719. The method of claim 1 686, furthey comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section/with heat from hydrogenation. 

1 720. The method of claim 1 686, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of tne produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

1 72 1 . The method of claim 1 6861 wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 



millidarcy. 
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1 722. The method of claim 1686, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

/ 

1723. The method of claim 1686, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbo/s, as measured by the Fischer 
Assay. 

1724. The method of claim 1686, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1 725. The method of claim 1686, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a vpit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 726. The method of claim 1 686, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1727. A method of treating aliydrocarbon containing formation in situ, comprising: 
providing heat from oijie or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

wherein the selected section has been selected for heating using a total organic 
matter weight percentage of at least a portion of the selected section, and wherein at least 
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the portion of the selected section comprises a total organic matter weight percentage, of 
at least about 5.0 %; and 

producing a mixture from the formation. 

1728. The method of claim 1727, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within tfye selected section of the 
formation. 

1 729. The method of claim 1 727, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature! range. 

1730. The method of claim 1727, wherein throne or more heat sources comprise 
electrical heaters. 

173 1. - The method of claim 1727, whereii/the one or more heat sources comprise 
surface burners. 

1732. The method of claim 1 727, wh/rein the one or more heat sources comprise 
flameless distributed combustors. 

1733. The method of claim 1727,/vherein the one or more heat sources comprise natural 
distributed combustors. 

1 734. The method of claim 1 72^7, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1735. The method of claim 1727, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

/ 
/ 

1736. The method of claim 1727, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises:' 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than iVr, 
wherein Pwr is calculated by the equatior 
Pwr = h*V*C v *p B 

wherein Pwr is the heating eney^y/day, h is an average heating rate of the 
formation, pg is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 

1 737. The method of claim 1727; wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1738. The method of claim 17727, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1739. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1740. The method of olaim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and whearein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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1 741 . The method of claim 1 727, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene'to ethane in the non- 



1742. The method of claim 1727, wherein the produced/mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

1743. The method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1744. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about A % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is/sulfur. 

1745. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by/weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1746. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1747. The method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



condensable hydrocarbons ranges from about 0.001 to about/0. 15. 





523 



Conley, Rose & Tayon, P.C. 



1 748. The method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

/" 

/ 

1 749. The method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

1 750. The method of claim 1 727, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condehsable component comprises hydrogen, 
wherein the hydrogen is greater than about 10i% by volume of the non-condensable 
component, and wherein the hydrogen is les^than about 80 % by volume of the non- 
condensable component. 

1 75 1 . The method of claim 1 727, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 %/by weight of the produced mixture is ammonia. 

1752. The method of claim 1727,ywherein the produced mixture comprises ammonia, 
and wherein the ammonia is usedAo produce fertilizer. 

1753. The method of claim 1/27, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1754. The method of claim 1727, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

1755. The method claim 1754, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 
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1756. The method of claim 1 727, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1757. The method of claim 1727, further comprising controlling formation conditions 

/ 

by recirculating a portion of hydrogen from /the mixture into the formation. 

1 758. The method of claim 1 727, furthe/ comprising: 
providing hydrogen (H2) to the Ideated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the sectio^ with heat from hydrogenation. 

1 759. The method of claim 1 727,/further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1 760. The method of claim/ 1 727, wherein allowing the heat to transfer comprises 
increasing a permeability 0/ a majority of the selected section to greater than about 100 
millidarcy. 

1761. The method of ofiaim 1727, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1762. The method or claim 1727, further comprising controlling the heat to yield greater 
than about 60 % by yveight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



1763. The methon of claim 1727, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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1 764. The method of claim 1 727, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. j 

1765. The method of claim 1727, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a uniyof heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and/wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1766. A method of treating a hydrocapon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transf^ from the one or more heat sources to a selected 
section of the formation; 

wherein at least some hVdrocarbons within the selected section have an initial 
total organic matter weight percentage of at least about 5.0%; and 

producing a mixture from the formation. 

1767. The method of clai/n 1766, wherein the one or more heat sources comprise at 
least two heat sources, arid wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1768. The method ofifclaim 1766, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



1769. The method if claim 1766, wherein the one or more heat sources comprise 
electrical heaters. 
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1 770. The method of claim 1 766, wherein the one or more heat sources comprise 
surface burners. 



1771. The method of claim 1766, wherein^the one or more heat sources comprise 
flameless distributed combustors. 

1772. The method of claim 1766, wherein the one or more heat sources comprise natural 
distributed combustors. 

1773. The method of claim 1766, fyrther comprising controlling a pressure and a 
temperature within at least a majori/y of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1774. The method of claim 1766, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



1775. The method of claim 1766, wherein providing heat from the one or more heat 
sources to at least the portLon of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources/ wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyr^lyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heatind energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*cl*p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 
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1776. The method of claim 1766, wherein allowing the; heat to transfer comprises 
transferring heat substantially by conduction. / 



1777. The method of claim 1766, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1778. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1779. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

1 780. The method of claim 1 766, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1781. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1 782. The method of claim/1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1783. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherem less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable ftiydrocarbons is sulfur. 
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1 784. The method of claim 1 766, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

/ 

1785. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 2(y% by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1786. The method of claim 1766, wherein tne produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromattcs with more than two rings. 

1787. The method of claim 1766, whe/ein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1788. The method of claim 17667wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abouy5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1789. The method of claim 1^66, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

1790. The method of claim 1766, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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1791 . The method of claim 1 766, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1792. The method of claim 1766, further comprising controlling a pressure within at 
least a majority of the selected section of the formation/wherein the controlled pressure 
is at least about 2.0 bar absolute. / 



1793. The method of claim 1766, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

1794. The method of claim 1793, wherein die partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

1 795. The method of claim 1 766, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1796. The method of claim 1766, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1797. The method of claim 1766, further comprising: 

providing hydrogen (Eft) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

1798. The method of claim 1766, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 
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1 799. The method of claim 1 766, wherein allowing the heat to transfer cv , 
increasing a permeability of a majority of the selected section to greater than aba 
millidarcy. 

/ 

1 800. The method of claim 1 766, wherein/kllowing the heat to transfer comprises 




7 



substantially uniformly increasing a permeability of a majority of the selected section 



1801. The method of claim 1766, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1802. The method of claim 1766, ywherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each productio/i well. 

1803. The method of claim 1#66, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 804. The method of claim 1 766, further comprising providing heat from three or more 
heat sources to at least amortion of the formation, wherein three or more of the heat 
sources are located in tne formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1805. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 



formation; 

allowing the 



leat to transfer from the one or more heat sources to a selected 



section of the formal ion; 
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wherein the selected section has been selected for heating using an atomic oxygen 
weight percentage of at least a portion of hydrocarbons in the selected section, and 
wherein at least a portion of the hydrocarbons in the selected section comprises an atomic 
oxygen weight percentage of less than about 15% when measured on a dry, ash free 
basis; and / 

producing a mixture from the formation./ 

1806. The method of claim 1 805, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1807. The method of claim 1805, further comprising maintaining a temperature within 
the selected section within a pyroly/is temperature range. 

1 808. The method of claim 1 8 Go, wherein the one or more heat sources comprise 
electrical heaters. / 

1809. The method of clainyl805, wherein the one or more heat sources comprise 
surface burners. / 

1810. The method of claim 1 805, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1811. The method <xf claim 1 805, wherein the one or more heat sources comprise natural 
distributed combustprs. 

1812. The method of claim 1 805, further comprising controlling a pressure and a 
temperature withp at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1813. The method of claim 1805, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

/ 

/ 

1814. The method of claim 1 805, wherein providing/heat from the one or more heat 
sources to at least the portion of formation comprise?: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, afnd wherein the heating rate is less than about 10 
°C/day. / 

1815. The method of claim 1 805, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1816. The method of claim 180x wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section/is greater than about 0.5 W/(m °C). 

1817. The method of claim 1K05, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1818. The method of claim/ 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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1819. The method of claim 1805, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethehe to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to al^out (J. 15. 

1 820. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1821. The method of claim 1805, whereii/ the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbon^is oxygen. 

1822. The method of claim 18057wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1823. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds/comprise phenols. 



1824. The method/of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and/wherein greater than about 20 % by weight of the condensable 
hydrocarbons are/aromatic compounds. 



1825. The metnod of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 



hydrocarbons 



comprises multi-ring aromatics with more than two rings. 
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1 826. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



1 827. The method of claim 1 805, wherein the produced,mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1 828. The method of claim 1 805, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensAble component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less th^Ln about 80 % by volume of the non- 
condensable component. 

1 829. The method of claim 1 805, wherein tfae produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by ^veight of the produced mixture is ammonia. 

1 830. The method of claim 1 805, wherpin the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 83 1 . The method of claim 1 805, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1 832. The method of claim 1 805f, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 



832 



1 833. The method of claim 1 
is measured when the mixture is 



, wherein the partial pressure of H2 within the mixture 
at a production well. 
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1834. The method of claim 1805, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

/ ; 

1835. The method of claim 1805, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture info the formation. 

1836. The method of claim 1805, further comprising: / 

providing hydrogen (H2) to the heated section to/hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat fromAiydrogenation. 

1837. The method of claim 1805, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1 838. The method of claim 1 805, wherein allov 
increasing a permeability of a majority of the selj 
millidarcy. / 

1 839. The method of claim 1 805, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing ajpermeability of a majority of the selected 
section. 

1 840. The method of claim 1 805, further cor 
than about 60 % by weight of condensable hy< 
Assay. 



ing the heat to transfer comprises 
beted section to greater than about 100 



iprising controlling the heat to yield greater 
irocarbons, as measured by the Fischer 
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1 841 . The method of claim 1 805, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

5 1 842. The method of claim 1 805, further comprising providing heat/from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and ^herein the unit of heat 
sources comprises a triangular pattern. 

1 0 1 843 . The method of claim 1 805, further comprising providing heat from three or more 
PI heat sources to at least a portion of the formation, wherein three or more of the heat 

$ sources are located in the formation in a unit of heat sources, wherein the unit of heat 

ill v 

11 sources comprises a triangular pattern, and wherein a plutfklity of the units are repeated 

8 ! / 

gas / 

j . j over an area of the formation to form a repetitive patten/ of units. 

9 5 

1 M 1 844. A method of treating a hydrocarbon containing formation in situ, comprising: 
Q providing heat from one or more heat source^ to a selected section of the 

if i formation; 

!w 

s f • allowing the heat to transfer from the one br more heat sources to the selected 

/ 

|^20 section of the formation to pyrolyze hydrocarbon within the selected section; 

wherein at least some hydrocarbons witriin the selected section have an initial 
atomic oxygen weight percentage of less than/about 1 5%; and 
producing a mixture from the formation. 

25 1 845. The method of claim 1 844, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocapons within the selected section of the 
formation. 

30 1 846. The method of claim 1 844, further comprising maintaining a temperature within 
the selected section within a pyrolysip temperature range 
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1 847. The method of claim 1 844, wherein the one or more heat sources comprise 
electrical heaters. 



1 848. The method of claim 1 844, wherein the one or more heat sources comprise 
surface burners. 

1849. The method of claim 1844, wherein the one or more/heat sources comprise 
flameless distributed combustors. 

1850. The method of claim 1844, wherein the one or mpre heat sources comprise natural 
distributed combustors. 

1851. The method of claim 1 844, further comprising /controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1852. The method of claim 1 844, further comprising controlling the heat such that an 
average heating rate of the selected section is iesjf than about 1 °C per day during 
pyrolysis. 



1 853. The method of claim 1 844, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the format/ion has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some pydrocarbons within the selected volume of 
the formation; and 



wherein heating energy/day providec 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 



to the volume is equal to or less than Pwr, 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

/ 

1 854. The method of claim 1 844, wherein allowing the heat to transfer comprises 



transferring heat substantially by conduction. 



/ 



1 855. The method of claim 1 844, wherein providing heat fpom the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1856. The method of claim 1844, wherein the produce^ mixture comprises condensable 
hydrocarbons having an API gravity of at least about : 

1857. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

1 858. The method of claim 1 844, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about jO. 001 to about 0.15. 



1859. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about A % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is aitrogen. 



1860. The method of claim 1844, wherein 
hydrocarbons, and wherein less than aboi^t 
basis, of the condensable hydrocarbons is oxygen. 



the produced mixture comprises condensable 
1 % by weight, when calculated on an atomic 



539 



Conley, Rose & Tayon, P C. 



1861. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1862. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, ancy wherein the oxygen 
containing compounds comprise phenols. / 

1863. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1 864. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics witn more than two rings. 

1 865 . The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 f/o by weight of the condensable 
hydrocarbons are asphaltenes. / 

1866. The method of claim 1844, wherein raie produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1867. The method of claim 1844, wherem the produced mixture comprises a non- 
condensable component, wherein the nonicondensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



\ 
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1868. The method of claim 1844, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

4 

1869. The method of claim 1844, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 870. The method of claim 1 844, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, \yherein the controlled pressure 
is at least about 2.0 bar absolute. 

1 871 . The method of claim 1 844, further comprising ycontrolling formation conditions to 
produce the mixture, wherein a partial pressure of H2^vithin the mixture is greater than 
about 0.5 bar. 

1872. The method of claim 1871, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1 873. The method of claim 1 844, further comprising altering a pressure within the 
formation to inhibit production of hydrocart^ns from the formation having carbon 
numbers greater than about 25. 

1874. The method of claim 1844, furthecf comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1 875. The method of claim 1 844, furtlier comprising: 
providing hydrogen (H2) to the jieated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section! with heat from hydrogenation. 

1 876. The method of claim 1 844, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
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hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1877. The method of claim 1844, wherein allowing the heat to transfer comprises 

5 increasing a permeability of a majority of the selected sectioA to greater than about 100 
millidarcy. / 

1878. The method of claim 1844, wherein allowing theyneat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

10 / 
Pi 1 879. The method of claim 1844, further comprising controlling the heat to yield greater 

than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
41 Assay. 

w 

Ci5 1 880. The method of claim 1 844, wherein pro< 

FU 

;i the mixture in a production well, and wherein a 

/ 

! |~ the formation for each production well. / 

111- / 

£ / 
j«j 1881. The method of claim 1 844, further comprising providing heat from three or more 

^0 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

sources comprises a triangular pattern. / 

1 882. The method of claim 1 844, furttter comprising providing heat from three or more 
25 heat sources to at least a portion of the/formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to formf a repetitive pattern of units. 

30 1883. A method of treating a hydrocarbon containing formation in situ, comprising; 



icing the mixture comprises producing 
least about 7 heat sources are disposed in 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

wherein the selected section has been selected for heating using an atomic 
hydrogen to carbon ratio of at least a portion of hydrocar^/hs in the selected section, 
wherein at least a portion of the hydrocarbons in the selected section comprises an atomic 
hydrogen to carbon ratio greater than about 0.70, and yherein the atomic hydrogen to 
carbon ratio is less than about 1.65; and 

producing a mixture from the formation. 

1884. The method of claim 1883, wherein the oni or more heat sources comprise at 
least two heat sources, and wherein superposition/of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1 885. The method of claim 1 883, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1886. The method of claim 1883, wherein /he one or more heat sources comprise 
electrical heaters. 

1 887. The method of claim 1 883, wherei/i the one or more heat sources comprise 
surface burners. 



1 888. The method of claim 1 883, wherpin the one or more heat sources comprise 
flameless distributed combustors. 

1 889. The method of claim 1 883, whefrein the one or more heat sources comprise natural 
distributed combustors. 
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1 890. The method of claim 1 883, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1 891 . The method of claim 1 883, further comprising controlling the heat such that an 
average heating rate of the selected section is less th^nabout 1 °C per day during 
pyrolysis. 

1 892. The method of claim 1 883, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some/iydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*Cy*p B 

wherein Pwr is the heating enefrgy/day, h is an average heating rate of the 
formation, p B is formation bulk dens^cy, and wherein the heating rate is less than about 10 
°C/day. 

1893. The method of claim 1883/, wherein allowing the heat to transfer comprises 
transferring heat substantially by/conduction. 

1 894. The method of claim 1 883, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1 895. The method of claim 
hydrocarbons having an API 



883, wherein the produced mixture comprises condensable 
;ravity of at least about 25°. 
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1896. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



1897. The method of claim 1883, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1898. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by \/eight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen^ 

1 899. The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 °/J by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1900. The method of claim 1883, whereinAhe produced mixture comprises condensable 
hydrocarbons, and wherein less than abouy 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is/sulfur. 

1901. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phemols. 



1902. The method of claim 1883, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein greater 



hydrocarbons are aromatic compou ids 



lan about 20 % by weight of the condensable 



545 



Conley, Rose & Tayon, P.C. 



1903. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



1904. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weigm of the condensable 
hydrocarbons are asphaltenes. 

1905. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight tcyabout 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1906. The method of claim 1883, wherein ihtd produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



1907. The method of claim 1883, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 °/lby weight of the produced mixture is ammonia. 



1908. The method of claim 1883, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



1909. The method of claim 1883, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute.' 

1910. The method of claim 1883, further comprising controlling formation conditions to 



produce the mixture, wherein a 
about 0.5 bar. 



>artial pressure of H2 within the mixture is greater than 
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1911. The method of claim 1910, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 



1912. The method of claim 1883, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



1913. The method of claim 1 883, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1914. The method of claim 1 883, further comprising: 
providing hydrogen (H 2 ) to the heated sectjon to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heatf from hydrogenation. 

1915. The method of claim 1883, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1916. The method of claim 1883, wheriein allowing the heat to transfer comprises 
increasing a permeability of a majority/of the selected section to greater than about 100 
millidarcy. 

1917. The method of claim 1883, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a/permeability of a majority of the selected section. 



1918. The method of claim 1883,lfurther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 
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1919. The method of claim 1883, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



1920. The method of claim 1883, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heatjiources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1921 . The method of claim 1883, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1922. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or morp heat sources to a selected section of the 

formation; 

allowing the heat to transfer fifom the one or more heat sources to the selected 
section of the formation to pyrolyzeAiydrocarbons within the selected section; 

wherein at least some hydrocarbons within the selected section have an initial 
atomic hydrogen to carbon ratio greater than about 0.70; 

wherein the initial atomicy hydrogen to carbon ration is less than about 1 .65; and 

producing a mixture from the formation. 



1923. The method of claim 1^22, wherein the one or more heat sources comprise at 
least two heat sources, and wbferein superposition of heat from at least the two heat 
sources pyrolyzes at least son^e hydrocarbons within the selected section of the 
formation. 
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1924. The method of claim 1922, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



1 925. The method of claim 1922, wherein the one or more heat sources comprise 

electrical heaters. A 

ij 

1926. The method of claim 1922, wherein the one/or more heat sources comprise 
surface burners. 

1927. The method of claim 1922, wherein throne or more heat sources comprise 
flameless distributed combustors. 

1928. The method of claim 1922, whereir/ the one or more heat sources comprise natural 
distributed combustors. 

1929. The method of claim 1 922, further comprising controlling a pressure and a 
temperature within at least a majority if the selected section of the formation, wherein 
the pressure is controlled as a functiop of temperature, or the temperature is controlled as 
a function of pressure. 

1 930. The method of claim 1 922 J further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



1 93 1 . The method of claim 1 922, wherein providing heat from the one or more heat 
sources to at least the portion <jf formation comprises: 

heating a selected voliune (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 



wherein the heating pyrolyze* 
the formation; and 



at least some hydrocarbons within the selected volume of 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day,? /* is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1932. The method of claim 1922, wherein/allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1933. The method of claim 1922, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1934. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1935. The method .of claim 1 92E, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are plefins. 

1 936. The method of claim 
condensable hydrocarbons, a 
condensable hydrocarbons n 

1937. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



[922, wherein the produced mixture comprises non- 
id wherein a molar ratio of ethene to ethane in the non- 
lges from about 0.001 to about 0.15. 
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1938. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

/ 

1939. The method of claim 1922, wherein the produced mixture/comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, whep calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1940. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30% by weight of the condensable 
hydrocarbons comprise oxygen containing compounds/and wherein the oxygen 
containing compounds comprise phenols. 

1941 . The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20/% by weight of the condensable 
hydrocarbons are aromatic compounds. 



1942. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1943. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 



1944. The method of claim 1922/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abou/s % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1945. The method of claim 1922, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1946. The method of claim 1922, wherein the produced .mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the'produced mixture is ammonia. 



1 947. The method of claim 1 922, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1948. The method of claim 1922, further comprising controlling a pressure within at 
least a majority of the selected section of Wformation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1949. The method of claim 1922, former comprising controlling formation conditions to 
produce the mixture, wherein a partial/pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

1950. The method of claim 1949, wherein the partial pressure of H2 within the mixture 
is measured when the mixture iyat a production well. 

195 1 . The method of claim /922, further comprising altering a pressure within the 
formation to inhibit product/on of hydrocarbons from the formation having carbon 
numbers greater than abou/ 25. 

1952. The method of cl|aim 1922, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1953. The method of claim 1922, further comprising: 

providing hydr )gen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 
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heating a portion of the section with heat from hydrogenation. 



1954. The method of claim 1922, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. j 

i 

1955. The method of claim 1922, wherein avowing the heat to transfer comprises 
increasing a permeability of a majority of t^fe selected section to greater than about 100 
millidarcy. 

1 956. The method of claim 1922, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1957. The method of claim 1922/further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1958. The method of claim i922, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1959. The method of cpim 1922, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1960. The method Jof claim 1922, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1961 . A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 



/ 



/ 



formation; 

allowing the heat to transfer from the pne or more heat sources to a selected 
section of the formation; 

wherein the selected section has befen selected for heating using an atomic oxygen 
to carbon ratio of at least a portion of hydrocarbons in the selected section, wherein at 
least a portion of the hydrocarbons in rfie selected section comprises an atomic oxygen to 
carbon ratio greater than about 0.025( and wherein the atomic oxygen to carbon ratio of at 
least a portion of the hydrocarbons/in the selected section is less than about 0.15 and 

producing a mixture froiry the formation. 



1962. The method of claim V961 , wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least /ome hydrocarbons within the selected section of the 
formation. 

1963. The method of claim 1961 , further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1964. The methoyfl of claim 1961 , wherein the one or more heat sources comprise 
electrical heaters^ 

1965. The rneynod of claim 1961 , wherein the one or more heat sources comprise 
surface burner/. 



1966. The method of claim 1961 , wherein the one or more heat sources comprise 
flameless distributed combustors. 
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1 967. The method of claim 1961, wherein the one or more heat sources comprise natural 
distributed combustors. 

1 968. The method of claim 1961 , further comprising controlling a pressure and a 
temperature within at least a majority of the selected Section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



10 
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1969. The method of claim 1961, further comprising controlling the heat such that an 
average heating rate of the selected section/is less than about 1 °C per day during 
pyrolysis. 

1970. The method of claim 1961, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume w) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes ft least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *pJ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



1 97 1 . The method of claim 1961, wherein allowing the heat to transfer comprises 



transferring heat subs 



tantially by conduction. 
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1972. The method of claim 1961, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1973. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



10 



1974. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight^o about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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1975. The method of claim 1961, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from abtfut 0.001 to about 0.15. 

1976. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than pout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1977. The method of claim 196L wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lessAhan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1978. The method of claim 1961, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable iiydrocarbons is sulfur. 



30 



1979. The method of daim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, wherein/about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 



containing compound; 



comprise phenols. 
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1 980. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weightof the condensable 
hydrocarbons are aromatic compounds. 

1981. The method of claim 1961, wherein the produced mixture comprises condensable 



1982. The method of claim 1961, wherein the p/oduced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1983. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1984. The method of claim 1961, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater man about 10 % by volume of the non-condensable 
component, and wherein the hyarogen is less than about 80 % by volume of the non- 
condensable component. / 

1 985. The method of claim A 96 1 , wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1986. The method of claim 1961, wherein the produced mixture comprises ammonia, 
and wherein the ammonia/is used to produce fertilizer. 
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1987. The method of claim 1961, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1988. The method of claim 1961, further comprising controlling formation conditions to 

/ 

produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

1989. The method of claim 1988, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a productions well. 

1 990. The method of claim 1 96 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrocapons from the formation having carbon 
numbers greater than about 25. / 

1 991 . The method of claim 1 96 1 , furaier comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1 992. The method of claim 1 96 1 /further comprising: 

providing hydrogen (H2) jo the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

1 993 . The method of claim/l 96 1 , further comprising: 

producing hydrogen/and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1994. The method of ch 
increasing a permeability 
millidarcy. 



im 1961, wherein allowing the heat to transfer comprises 
of a majority of the selected section to greater than about 100 
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1995. The method of claim 1961 , wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. y 

/ 

1996. The method of claim 1961 , further comprising^ontrolling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



1997. The method of claim 1961, wherein producing the mixture comprises producing 
the mixture in a production well, and whereiny4t least about 7 heat sources are disposed in 
the formation for each production well. 

1998. The method of claim 1961, furthe/ comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in/a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1999. The method of claim 19614 further comprising providing heat from three or more 
heat sources to at least a portion/of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formations to form a repetitive pattern of units. 



2000. A method of treating a hydrocarbon containing formation in situ, comprising 

providing heat froip one or more heat sources to a selected section of the 
formation; 

allowing the heatito transfer from the one or more heat sources to the selected 
section of the formation/to pyrolyze hydrocarbons within the selected section; 

wherein at least/some hydrocarbons within the selected section have an initial 
atomic oxygen to carbon ratio greater than about 0.025; 



V 
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wherein the initial atomic oxygen to carbon ratio is less than about 0. 1 5; and 
producing a mixture from the formation. 



200 1 . The method of claim 2000, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat frorri at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



2002. The method of claim 2000, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature railge. 

2003. The method of claim 2000, wherein the onjb or more heat sources comprise 
electrical heaters. 

2004. The method of claim 2000, wherein tip one or more heat sources comprise 
surface burners. 

2005. The method of claim 2000, wher^n the one or more heat sources comprise 
flameless distributed combustors. 

2006. The method of claim 2000, wherein the one or more heat sources comprise natural 
distributed combustors. 

2007. The method of claim 2000jfurther comprising controlling a pressure and a 
temperature within at least a majdrity of the selected section of the formation, wherein 
the pressure is controlled as a fui/ction of temperature, or the temperature is controlled as 
a function of pressure. 



2008. The method of claim 2000, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 
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2009. The method of claim 2000, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to y tde volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/d&y, h is an average heating rate of the 
formation, p B is formation bulk density, ai/d wherein the heating rate is less than about 10 
°C/day. 

2010. The method of claim 2000, wh'erein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 




201 1 . The method of claim 2000/ wherein providing heait from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected sectioryis greater than about 0.5 W/(m °C). 

2012. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons having an APygravity of at least about 25°. 

2013. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



2014. The method of claim 2000, wherein the produced mixture comprises non- 



condensable hydrocarb( 



is, and wherein a molar ratio of ethene to ethane in the non- 



condensable hydrocarbcns ranges from about 0.001 to about 0.15. 
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2015. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



2016. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 



20 1 7. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 °/J by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulnir. 

201 8. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

201 9. The method of claim 2000/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2020. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein /ess than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2021. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphalt enes. 
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2022. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2023. The method of claim 2000, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 %,by volume of the non-condensable 
component, and wherein the hydrogen is less th4n about 80 % by volume of the non- 
condensable component. / 

2024. The method of claim 2000, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2025. The method of claim 2000, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2026. The method of claim 2000; further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2027. The method of claim 2000, further comprising controlling formation conditions to 
produce the mixture, wherei/n a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

2028. The method of claim 2027, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2029. The method of claim 2000, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25 . 
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2030. The method of claim 2000, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

203 1 . The method of claim 2000, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / f 

heating a portion of the section with heat fronyhydrogenation. 

/ 

2032. The method of claim 2000, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

2033. The method of claim 2000, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority or the selected section to greater than about 100 
millidarcy. / 

2034. The method of claim 2000, wnerein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. / 

2035. The method of claim 2060, further comprising controlling the heat to yield greater 
than about 60 % by weight of Condensable hydrocarbons, as measured by the Fischer 
Assay. 

2036. The method of claii 
. the mixture in a productior 
the formation for each pro* 

2037. The method of el; 
heat sources to at least a 



2000, wherein producing the mixture comprises producing 
Jwell, and wherein at least about 7 heat sources are disposed in 
Suction well. 



am 2000, further comprising providing heat from three or more 
bortion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2038. The method of claim 2000, further conWising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit i)f heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2039. A method of treating a hydrocajfoon containing formation in situ, comprising: 
providing heat from one or m^/re heat sources to at least a portion of the 

formation; 

allowing the heat to transfe/from the one or more heat sources to a selected 
section of the formation; 

wherein the selected section has been selected for heating using a moisture 
content in the selected section, And wherein at least a portion of the selected section 
comprises a moisture content pf less than about 15%; and 

producing a mixture from the formation. 

2040. The method of clai/n 2039, wherein the one or more heat sources comprise at 
least two heat sources, ar$ wherein superposition of heat from at least the two heat 
sources pyrolyzes at lea^/t some hydrocarbons within the selected section of the 
formation. 



2041 . The method o4 claim 2039, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



2042. The method 
electrical heaters. 



)f claim 2039, wherein the one or more heat sources comprise 
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2043. The method of claim 2039, wherein the one or more heat sources comprise 
surface burners. 

2044. The method of claim 2039, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

2045. The method of claim 2039, wherein the oi^e or more heat sources comprise natural 
distributed combustors. 

2046. The method of claim 2039, further comprising controlling a pressure and a 
temperature within at least a majority of tlW selected section of the formation, wherein 
the pressure is controlled as a function of/emperature, or the temperature is controlled as 
a function of pressure. 

2047. The method of claim 2039, farther comprising controlling the heat such that an 
average heating rate of the selectecj/section is less than about 1 °C per day during 
pyrolysis. 



2048. The method of claim 2/J39, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources/wherein the formation has an average heat capacity (C v ), and 
wherein the heating pynjQyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heatirfg energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = fc*Wc v *p* 

wherein Pwr is the heating energy/day, h is an average heating rate of the 



formation, p B is f( 
°C/day. 



lation bulk density, and wherein the heating rate is less than about 10 
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2049. The method of claim 2039, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



2050. The method of claim 2039, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



205 1 . The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



2052. The method of claim 2039, wherein the'produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by yeight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



2053. The method of claim 2039, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

/ 

2054. The method of claim 2039, wherein the produced mixture comprises condensable 

/ 

hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



2055. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable^hydrocarbons is oxygen. 



2056. The method of/claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condenslble hydrocarbons is sulfur. 



V 
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2057. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2058. The method of claim 2039, wherein the produ^ed^mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % ]?y weight of the condensable 
hydrocarbons are aromatic compounds. 

2059. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatic/ with more than two rings. 

2060. The method of claim 2039, where/n the produced mixture comprises condensable 
hydrocarbons, and wherein less than abput 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

2061. The method of claim 2039,/vherein the produced mixture comprises condensable 
hydrocarbons, and wherein about/5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cwcloalkanes. 

2062. The method of claim £039, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and whereirythe hydrogen is less than about 80 % by volume of the non- 
condensable componer 

2063. The method of claim 2039, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



V 
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2064. The method of claim 2039, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2065. The method of claim 2039, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

2066. The method of claim 2039, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

2067. The method of claim 2066, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a productioti well. 

2068. The method of claim 2039, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

2069. The method of claim 2039, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2070. The method of claim 2fr39, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

2071 . The method ofpaim 2039, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 
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2072. The method of claim 2039, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

2073. The method of claim 2039, wherein allowing the heat to transfer further 



2074. The method of claim 2039, further comprising /controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

2075. The method of claim 2039, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

2076. The method of claim 2039, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in ayunit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

2077. The method of claim 2039, farther comprising providing heat from three or more 
heat sources to at least a portion omhe formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation ta form a repetitive pattern of units. 

2078. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from /one or more heat sources to a selected section of the 

formation; / 



section. 



comprises substantially uniformly increasing a permeability of a majority of the selected 
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allowing the heat to transfer from the one or more heat sources to the selected 
section of the formation; 

wherein at least a portion of the selected section has an initial moisture content of 
less than about 1 5%; and 

producing a mixture from the formation. / 

2079. The method of claim 2078, wherein the one o/ more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons wjmin the selected section of the 
formation. 

2080. The method of claim 2078, furtherycomprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2081 . The method of claim 2078, ^erein the one or more heat sources comprise 
electrical heaters. 

2082. The method of claim 2Q^8, wherein the one or more heat sources comprise 
surface burners. 

2083. The method of claim 2078, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2084. The method of claim 2078, wherein the one or more heat sources comprise natural 
distributed combustors. 

2085. The method of claim 2078, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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2086. The method of claim 2078, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

/ 

2087. The method of claim 2078, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: / 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to/the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = /?*F*C V */?B / 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density ,/and wherein the heating rate is less than about 10 
°C/day. / 

2088. The method of claim 2078/ wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2089. The method of claim 2078, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2090. The method of 
hydrocarbons having ai 

2091. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



laim 2078, wherein the produced mixture comprises condensable 
API gravity of at least about 25°. 
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2092. The method of claim 2078, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2093. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

2094. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

2095. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 °A by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2096. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by we/ght to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenfols. 

2097. The method of claim 2078,Avherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2098. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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2099. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



2 100. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about £0 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



2101 . The method of claim 2078, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 °/tfby volume of the non-condensable 
component, and wherein the hydrogen is less tpan about 80 % by volume of the non- 
condensable component. 

2102. The method of claim 2078, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % By weight of the produced mixture is ammonia. 

2103. The method of claim 2078, Wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used tp produce fertilizer. 

2104. The method of claim 2078, further comprising controlling a pressure within at 
least a majority of the selectedAection of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2105. The method of claim 2078, further comprising controlling formation conditions to 
produce the mixture, whe/ein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

2106. The method of Claim 2105, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 
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2107. The method of claim 2078, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2108. The method of claim 2078, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2109. The method of claim 2078, further composing: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

2110. The method of claim 2078, furtherycomprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

2111. The method of claim 2078, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

2112. The method of claim 20178, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. / 

2113. The method of claim 2078, further comprising controlling the heat to yield greater 
than about 60 % by weighyof condensable hydrocarbons, as measured by the Fischer 
Assay. / 
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21 14. The method of claim 2078, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

/' 

2115. The method of claim 2078, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein^'three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



2116. The method of claim 2078, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, /wherein three or more of the heat 
sources are located in the formation in a unit of Meat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2117. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more^deat sources to at least a portion of the 

formation; j 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

wherein the selected section is heated in a reducing environment during at least a 
portion of the time that the selected section is being heated; and 

producing a mixture from the formation. 

2118. The method of claim 2117, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least spme hydrocarbons within the selected section of the 
formation. 

2119. The method of cl^im 2117, further comprising maintaining a temperature within 
the selected section withjin a pyrolysis temperature range. 
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2120. The method of claim 2117, wherein the one or more heat sources comprise 
electrical heaters. 

2121. The method of claim 2117, wherein the one or more heat sources comprise 
surface burners. / 

2122. The method of claim 2117, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

2123. The method of claim 2117, wherein the one or more heat sources comprise natural 
distributed combustors. / 

2124. The method of claim 2117, flirthpr comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

2125. The method of claim 2 1 j7 9 further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

2126. The method of claim 2117, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources/ wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating /energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*cX B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 



2127. The method of claim 2117, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 



2128. The method of claim 2117, wherein providing heat from the one or more heat 
sources comprises heating the selected section sucn that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2129. The method of claim 2117, wherein the' produced mixture comprises condensable 
hydrocarbons having an API gravity of at lea^t about 25°. 

2 1 30. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % By weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

2131. The method of claim 2117, wnerein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2132. The method of claim 21 y7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2133. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein k ss than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hyc rocarbons is oxygen. 
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2134. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



2135. The method of claim 2117, wherein the produced piixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30/% by weight of the condensable 
hydrocarbons comprise oxygen containing compound^, and wherein the oxygen 
containing compounds comprise phenols. / 

2136. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

2137. The method of claim 2117, whereh/the produced mixture comprises condensable 
hydrocarbons, and wherein less than aboin: 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2138. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

2 139. The method of claim 2 y 1 7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2140. The method of clairn 21 17, wherein the produced mixture comprises a non- 
condensable component, wnerein the non-condensable component comprises hydrogen, 
wherein the hydrogen is gneater than about 10 % by volume of the non-condensable 
component, and wherein tpe hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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2141. The method of claim 2117, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



2 1 42. The method of claim 2117, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

[trolling a pressure within at 
r herein the controlled pressure 

2144. The method of claim 2117, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

2 1 45. The method of claim 2 144, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2 1 46. The method of claifh 2117, furtlW comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

2 1 47. The method of claim 2117, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2148. The method of claim 2 1 1 % further comprising: 

providing hydrogen (H2) 10 the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

2 149. The method of claim 2117, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
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2 1 43 . The method of claim 2117, further comprising co] 
least a majority of the selected section of the formation,* 
is at least about 2.0 bar absolute. / 



hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2150. The method of claim 2117, wherein allowing the heat to fransfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 

millidarcy. / ' 

/ 

; 

/ 

2151. The method of claim 2117, wherein allowing jfhe heat to transfer comprises 
substantially uniformly increasing a permeability ofyQ majority of the selected section. 

21 52. The method of claim 2117, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

2153. The method of claim 2117, wherein/producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well./ 

2154. The method of claim 2117, farther comprising providing heat from three or more 
heat sources to at least a portion ofyche formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2155. The method of claim 21 1 7, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2156. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a first section of the formation to produce a mixture from the formation; 
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heating a second section of the formation; and 

recirculating a portion of the produced mixture from the first section into the 
second section of the formation to provide a reducing environment within the second 
section of the formation. 

2157. The method of claim 2156, further comprising maintaining a temperature within 
the first section or the second section within a pyrolysis temperature range. 

2158. The method of claim 2156, wherein heating t^e first or the second section 
comprises heating with an electrical heater. 

2159. The method of claim 2156, wherein heating the first or the second section 
comprises heating with a surface burner. 

2160. The method of claim 2156, wherein Seating the first or the second section 
comprises heating with a flameless distributed combustor. 

2161. The method of claim 2156, wherein heating the first or the second section 
comprises heating with a natural distributed combustor. 

2162. The method of claim 2156Yfurther comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 



2163. The method of claim/2156, further comprising controlling the heat such that an 
average heating rate of the ^rst or the second section is less than about 1 °C per day 
during pyrolysis. 

2164. The method of claiijn 2156, wherein heating the first or the second section 
comprises: 



V 
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heating a selected volume (V) of the hydrocarbon containing formation from one 
or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume/is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is aA average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 

2165. The method of claim 2156, wherein heating the first or the second section 
comprises transferring heat substantially by /conduction. 

2166. The method of claim 2156, wherein heating the first or the second section 
comprises heating the first or the secorm section such that a thermal conductivity of at 
least a portion of the first or the secona section is greater than about 0.5 W/(m °C). 

2167. The method of claim 2156Jwherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2168. The method of claim 2 J 56, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein atfout 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons aye olefins. 

2 1 69. The method of claim 2156, wherein the produced mixture comprises non- 
condensable hydrocarbons] and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



\ 
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2170. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



2171. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, When calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / . 




2172. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

2173. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weigh/to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenobs. 

2174. The method of claim 2156, Wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein greateryrhan about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2175. The method of claim 2/156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Less than about 5 % by weight of the condensable 
hydrocarbons comprises mnlti-ring aromatics with more than two rings. 

21 76. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphAltenes. 
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2177. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



2 1 78. The method of claim 2 1 56, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 



wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

2179. The method of claim 2156, wherein theAoduced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2180. The method of claim 2156, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2181. The method of claim 2156, further comprising controlling a pressure within at 
least a majority of the first or second section of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 

2182. The method of claim 2156, further comprising controlling formation conditions to 
produce the mixture, whereiiya partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

2183. The method of claim 2182, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2 1 84. The method of claim 2 1 56, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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2185. The method of claim 2156, further comprising: 

providing hydrogen (H2) to the first or second section to hydrogenate 
hydrocarbons within the first or second section; and 

heating a portion of the first or second section with heat from hydrogenation. 

2186. The method of claim 2156, further comprising: / 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

2187. The method of claim 2156, wherein heattng the first or the second section 
comprises increasing a permeability of a majority of the first or the second section to 
greater than about 100 millidarcy. / 

2188. The method of claim 2156, wherein heating the first or the second section 
comprises substantially uniformly increasing a permeability of a majority of the first or 
the second section. / 

2189. The method of claim 2156/fiirther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

2190. The method of claim/2156, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2191. The method of daim 2156, further comprising providing heat from three or more 
heat sources to at least/a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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21 92. The method of claim 2 1 56, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality /of the units are repeated 
over an area of the formation to form a repetitive pattern of^units. 

2193. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; and / 

allowing the heat to transfer from the one oymore heat sources to a selected 
section of the formation such that a permeability off at least a portion of the selected 
section increases to greater than about 100 millidarcy. 

2194. The method of claim 2193, wherein tl/e one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

2 1 95. The method of claim 2 1 93, further comprising maintaining a temperature within 
the selected section within a pyrolys/s temperature range. 

2 1 96. The method of claim 2 1 93/ wherein the one or more heat sources comprise 
electrical heaters. / 

2197. The method of claim 2193, wherein the one or more heat sources comprise 
surface burners. / 

2 1 98. The method of claim 2 1 93, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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2199. The method of claim 2193, wherein the one or more heat sources comprise natural 
distributed combustors. 

2200. The method of claim 2193, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or tl}6 temperature is controlled as 
a function of pressure. / 

2201 . The method of claim 2193, further comprisingycontrolling the heat such that an 
average heating rate of the selected section is less thpi about 1 °C per day during 
pyrolysis. / 

2202. The method of claim 2193, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the Hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day pro/vided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B / 

wherein Pwr is the heating yenergy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

2203. The method of claim 2193, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2204. The method of claii 
sources comprises heating 
a portion of the selected se 



2193, wherein providing heat from the one or more heat 
le selected section such that a thermal conductivity of at least 
;tion is greater than about 0.5 W/(m °C). 
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2205. The method of claim 21 93, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

2206. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weighyof the condensable hydrocarbons 
are olefins. 

2207. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in tip non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

2208. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2209. The method of claim 2 19 J, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by/weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



2210. The method of claim/2193, further comprising producing a mixture from the 
formation, wherein the prodfuced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 



condensable hydrocarbons 



is sulfur. 



\ 
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22 1 1 . The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 



2212. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. / 

221 3. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of theytondensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. / 

2214. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. / 

22 1 5. The method of claim 2 1 9% further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. / 

2216. The method of claim/ 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensaple component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 




\ 
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2217. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



2218. The method of claim 2193, further comprising/ producing a mixture from the 
formation, wherein the produced mixture comprises/ammonia, and wherein the ammonia 
is used to produce fertilizer. / 

22 1 9. The method of claim 2 1 93, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

2220. The method of claim 2193, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H 2 within the mixture 
is greater than about 0.5 bar. / 

222 1 . The method of claim 2220, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production well. / 

2222. The method of claim 2l93, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2223. The method of claim 2193, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the {formation. 

2224. The method of claim 2193, further comprising: 
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providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

2225. The method of claim 2193, further comprising: 

producing hydrogen and condensable hydrocarbons/from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

2226. The method of claim 2193, further comprising increasing a permeability of a 
majority of the selected section to greater than about 5 Darcy. 

2227. The method of claim 2193, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2228. The method of claim 2193, further/comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. ' / 

2229. The method of claim 2193, mrther comprising producing a mixture in a 
production well, wherein at least about 7 heat sources are disposed in the formation for 
each production well. / 

2230. The method of claim ^193, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

223 1 . The method of claim 2 1 93, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2232. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; and 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that a permeability of a majority of at least a portion of the 
selected section increases substantially uniformly. 

2233. The method of claim 2232, wherein/the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

2234. The method of claim 2232, further comprising maintaining a temperature within 
the selected section within a pyrolyais temperature range. 

2235. The method of claim 2232^ wherein the one or more heat sources comprise 
electrical heaters. 

2236. The method of claim 2^-32, wherein the one or more heat sources comprise 
surface burners. 

2237. The method of claim/2232, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2238. The method of clajjm 2232, wherein the one or more heat sources comprise natural 
distributed combustors. 
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2239. The method of claim 2232, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2240. The method of claim 2232, further comprising^controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

2241 . The method of claim 2232, wherein prov/ding heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equamon: 

Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

2242. The method of claim 2232, wherein allowing the heat to transfer comprises 
transferring heat substantially/by conduction. 

2243. The method of claim 2232, wherein providing heat from the one or more heat 
sources comprises heating me selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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2244. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

2245. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0. 1 % by weight to about 1 5 % bjy weight of the condensable hydrocarbons 
are olefins. 

2246. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture/comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethaije in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

2247. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 



2248. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 °L by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



2249. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein they produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



2250. The method bf claim 2232, further comprising producing a mixture from the 
formation, wherein he produced mixture comprises condensable hydrocarbons, wherein 
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about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

225 1 . The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. / 

2252. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comp/ises condensable hydrocarbons, and 
wherein less than about 5 % by weight of theycondensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. / 

2253. The method of claim 2232, fiirthpr comprising producing a mixture from the 
formation, wherein the produced mixtyre comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. / 

2254. The method of claim 223y2, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight/o about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. / 

2255. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 %/by volume of the non-condensable component, and wherein the 
hydrogen is less than apout 80 % by volume of the non-condensable component. 
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2256. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 



2257. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. / 



2258. The method of claim 2232, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

2259. The method of claim 2232, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. / 

2260. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
ipixture is at a production well. I 

2261 . The method of claim 2232, further comprising altering a pressure within the 
formation to inhibit productionyof hydrocarbons from the formation having carbon 
numbers greater than about 25( 

2262. The method of claim 2232, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2263. The method of c/aim 2232, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; anq 



about 0.05 % by weight of the produced mixture is ammonia 



1 
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heating a portion of the section with heat from hydrogenation. 

2264. The method of claim 2232, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

2265. The method of claim 2232, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

2266. The method of claim 2232, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

2267. The method of claim 2232, further comprising producing a mixture in a 
production well, wherein at least about 7 heat sources are disposed in the formation for 
each production well. ~ / 

2268. The method of claim 2232, further comprising providing heat from three or more 
heat sources to at least a portioryof the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2269. The method of clairn 2232, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2270. A method of treating a hydrocarbon containing formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; and 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that a porosity of a majority of at least a portion of the 
selected section increases substantially uniformly/: 



2271. The method of claim 2270, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

2272. The method of claim 2270, further comprising maintaining a temperature within 
the selected section within a pyrolysis/temperature range. 

2273. The method of claim 2270, wherein the one or more heat sources comprise 
electr\pal heaters. / 

2274. The method of claim 2270, wherein the one or more heat sources comprise 
surface burners. / 

2275. The method of claim/2270, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2276. The method of claim 2270, wherein the one or more heat sources comprise natural 
distributed combustors. / 

2277. The method of claim 2270, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is control k d as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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2278. The method of claim 2270, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some^hvdrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation/ 

Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density/ and wherein the heating rate is less than about 10 
°C/day. / 

2280. The method of claim 2270, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

228 1 . The method of claim 227/), wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2282. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least abouff 25°. 

2283. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 



2279. The method of claim 2270, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

2284. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 
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2285. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2286. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2287. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, whejd calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



2288. The method of claim 2270, furthen comprising producing a mixture from the 
25 formation, wherein the produced mixture/comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by wpght of the condensable hydrocarbons comprise 
oxygen containing compounds, and wheprein the oxygen containing compounds comprise 
phenols. 



30 2289. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

/ 

2290. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 



2291. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 

2292. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 °/p by weight of the condensable hydrocarbons 
are cycloalkanes. 

2293. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume oy the non-condensable component, and wherein the 
hydrogen is less than about 80 % by ^olume of the non-condensable component. 

2294. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



2295. The method of claim 2270 
formation, wherein the produced 
is used to produce fertilizer. 



, further comprising producing a mixture from the 
mixture comprises ammonia, and wherein the ammonia 
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2296. The method of claim 2270, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



2297. The method of claim 2270, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a part/al pressure of H2 within the mixture 
is greater than about 0.5 bar. 

2298. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production well. 

2299. The method of claim 2270, further o/omprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2300. The method of claim 2270, further comprising producing a mixture from the 
formation and controlling formation Conditions by recirculating a portion of hydrogen 
from the mixture into the formatior 

2301. The method of claim 2270, further comprising: 
providing hydrogen (H2) /o the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the Section with heat from hydrogenation. 



2302. The method of claim 2270, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 



hydrogenating a port 



portion of the produced hydrogen. 



on of the produced condensable hydrocarbons with at least a 



603 



Conley, Rose & Tayon, P C. 



2303. The method of claim 2270, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 

millidarcy. f 

/ 

5 2304. The method of claim 2270, wherein allowing/the heat to transfer comprises 

/ 

substantially uniformly increasing a permeability of a majority of the selected section. 

2305. The method of claim 2270, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
10 Assay. / 

ill 2306. The method of claim 2270, further comprising producing a mixture in a 

m I 

t gl production well, and wherein at least aboui 7 heat sources are disposed in the formation 
for each production well. / 

S-S.4 / 

□5 / 

pj / 

! 2307. The method of claim 2270, furaier comprising providing heat from three or more 

i»i / 

heat sources to at least a portion of the formation, wherein three or more of the heat 

*¥ a * / 

ft| sources are located in the formation/in a unit of heat sources, and wherein the unit of heat 
%l sources comprises a triangular pattern. 
Ho / 

2308. The method of claim 22|0, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

25 over an area of the formation to form a repetitive pattern of units. 

2309. A method of treatin i a hydrocarbon containing formation in situ, comprising: 
providing heat firoir one or more heat sources to at least a portion of the 

formation; 

30 allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; and 
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controlling the heat to yield at least about 15 % by weight of a total organic 
carbon content of at least some of the hydrocarbon containing formation into condensable 
hydrocarbons. 

23 10. The method of claim 2309, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons witliin tjie selected section of the 
formation. 

23 1 1 . The method of claim 2309, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

23 12. The method of claim 2309, wherein the ^ne or more heat sources comprise 
electrical heaters. 

2313. -The method of claim 2309, wherein tjie one or more heat sources comprise 
surface burners. 

23 14. The method of claim 2309, where^i the one or more heat sources comprise 
flameless distributed combustors. 

23 1 5. The method of claim 2309, wherein the one or more heat sources comprise natural 
distributed combustors. 



23 1 6. The method of claim 2309, 
temperature within at least a majori^ 
the pressure is controlled as a funct: 
a function of pressure. 



her comprising controlling a pressure and a 
of the selected section of the formation, wherein 
on of temperature, or the temperature is controlled as 
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2317. The method of claim 2309, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



23 1 8. The method of claim 2309, wherein providing heat |rom the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbod containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to/the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/tftay, h is an average heating rate of the 
formation, p B is formation bulk density, ^nd wherein the heating rate is less than about 10 
°C/day. 

23 19. The method of claim 2309, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2320. The method of claim 2309, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2321 . The method of claim £309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 



2322. The method of claftn 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 



V 
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wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



/ 

.7 

2323. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

2324. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2325. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture aomprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, vyiien calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2326. The method of claim 2309, ftufther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur 

2327. The method of claim 230$, further comprising producing a mixture from the 
formation, wherein the produced/ mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, [and wherein the oxygen containing compounds comprise 
phenols. 

2328. The method of claim 2^09, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

2329. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable liydrocarbons comprises multi- 
ring aromatics with more than two rings. / 

2330. The method of claim 2309, further comprising/producing a mixture from the 
formation, wherein the produced mixture comprises/condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. . / 

233 1. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. / 

2332. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 °/J by volume of the non-condensable component. 

2333. The method of claim 2^09, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2334. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 
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2335. The method of claim 2309, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2336. The method of claim 2309, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. / 

2337. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production well. / 

2338. The method of claim 2309, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

2339. The method of claim 2309, further comprising producing a mixture from the 
formation and controlling formation Conditions by recirculating a portion of hydrogen 
from the mixture into the formation/ 

2340. The method of claim 2309, further comprising: 

providing hydrogen (H2Y to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

2341 . The method of claim 2309, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 




609 



Conley, Rose & Tayon, P.C. 



2342. The method of claim 2309, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

2343. The method of claim 2309, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability ,6f a majority of the selected section. 
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2344. The method of claim 2309, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

2345. The method of claim 2309, further comprising producing a mixture in a 
production well, and wherein at least abput 7 heat sources are disposed in the formation 
for each production well. 

2346. The method of claim 2309, farther comprising providing heat from three or more 
heat sources to at least a portion ofihe formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2347. The method of claim 2E509, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the fq/rmation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the form^ion to form a repetitive pattern of units. 

2348. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat/from one or more heat sources to at least a portion of the 

formation; 

allowing the fieat to transfer from the one or more heat sources to a selected 
section of the formation; and 



\ 
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controlling the heat to yield greater than about 60 % by weight of condensable 
hydrocarbons, as measured by the Fischer Assay. 



2349. The method of claim 2348, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

2350. The method of claim 2348, farther comprising maintaining a temperature within 
the selected section within a pyrolvsis temperature range. 

235 1 . The method of claim 23^8, wherein the one or more heat sources comprise 
electrical heaters. 

2352. The method of clain/2348, wherein the one or more heat sources comprise 
surface burners. 

2353. The method of Maim 2348, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2354. The rnethodybf claim 2348, wherein the one or more heat sources comprise natural 
distributed combustors. 

2355. The metnod of claim 2348, further comprising controlling a pressure and a 
temperature wimin at least a majority of the selected section of the formation, wherein 
the pressure is /controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



2356. The method of claim 2348, further comprising controlling the heat such that an 
average heatjng rate of the selected section is less than about 1 °C per day during 
pyrolysis. 
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2357. The method of claim 2348, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has^an average heat capacity (C v ) 5 and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to tbjk volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day/ h is an average heating rate of the 
formation, p B is formation bulk density, and )vherein the heating rate is less than about 1 0 
°C/day. 

2358. The method of claim 2348, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2359. The method of claim 2348, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2360. The method of claim 234S, further comprising producing a mixture from the 
formation, wherein the produced/mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25 c 



2361 . The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0. 1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 
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2362. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.00 1 to about 0.15. 



/ 

; pro/uc 



2363. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculate^ on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 



2364. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2365. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when/calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2366. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 



2367. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixtu e comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 



\ 
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2368. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrpcarbons comprises multi- 
ring aromatics with more than two rings. / 

/ 

2369. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 



/ 

2370. The method of claim 2348, further comprising p/oducing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight/of the condensable hydrocarbons 
are cycloalkanes. 



2371 . The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 1 0 % by volume of the non-ctfndensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 



2372. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



2373. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 
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2374. The method of claim 2348, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2375. The method of claim 2348, further comprising controlling /formation conditions to 
produce a mixture from the formation, wherein a partial pressure /of H2 within the mixture 
is greater than about 0.5 bar. / 

2376. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production well. / 

2377. The method of claim 2348, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from th^formation having carbon 
numbers greater than about 25. 

2378. The method of claim 2348, further comprisinj 
formation and controlling formation conditions by rd 
from the mixture into the formation. / 

2379. The method of claim 2348, further comprising: 

providing hydrogen (H2) to the heated sefction to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

2380. The method of claim 2348, further comprising: 

producing hydrogen and condensable! hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 



'producing a mixture from the 
:irculating a portion of hydrogen 
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238 1 . The method of claim 2348, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

2382. The method of claim 2348, wherein allowing^he heat to transfer comprises 
substantially uniformly increasing a permeability oy a majority of the selected section. 

2383. The method of claim 2348, further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. / 

2384. The method of claim 2348, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a umt of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

2385. The method of claim 2348, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation m a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2386. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a first section off the formation to pyrolyze at least some hydrocarbons in 

the first section and produce a first mixture from the formation; 

heating a second section of the formation to pyrolyze at least some hydrocarbons 
in the second section and produce a second mixture from the formation; and 

leaving an unpyrolyzed section between the first section and the second section to 
inhibit subsidence of the formation. 
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2387. The method of claim 2386, further comprising maintaining a temperature within 
the first section or the second section within a pyrolysis temperature range. 

2388. The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating with an electrical heater. 

2389. The method of claim 2386, wherein heating /he first section or heating the second 
section comprises heating with a surface burner. 

2390. The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating with a flameless distributed combustor. 

2391. The method of claim 2386, wherein hefating the first section or heating the second 
section comprises heating with a natural distmbuted combustor. 



2392. - The method of claim 2386, further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 



2393. The method of claim 2386, furtner comprising controlling the heat such that an 
average heating rate of the first or secqfnd section is less than about 1 °C per day during 
pyrolysis. 



2394. The method of claim 2386, \yherein heating the first section or heating the second 
section comprises: 

heating a selected volume (f) of the hydrocarbon containing formation from one 
or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at lqast some hydrocarbons within the selected volume of 
the formation: and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h * F*C V 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

2395. The method of claim 2386, wherein heating the first section or heating the second 
section comprises transferring heat substantially by conduction. 

2396. The method of claim 2386, wherein heating Ahe first section or heating the second 
section comprises heating the formation such that a thermal conductivity of at least a 
portion of the first or second section, respectively^ is greater than about 0.5 W/(m °C). 

2397. The method of claim 2386, wherein thevfirst or second mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 

2398. The method of claim 2386, whereirythe first or second mixture comprises 
condensable hydrocarbons, and wherein apout 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are olefins. 

2399. The method of claim 2386, wherein the first or second mixture comprises non- 
condensable hydrocarbons, and wherdin a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0. 1 5. 

2400. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 
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2401. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is oxygen. 

2402. The method of claim 2386, wherein the first/br second mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 



2403. The method of claim 2386, wherein the first or second mixture comprises 

10 condensable hydrocarbons, wherein about 5 %jby weight to about 30 % by weight of the 

condensable hydrocarbons comprise oxygen containing compounds, and wherein the 

Q / 

4l oxygen containing compounds comprise phenols. 

iXI 

1*1 2404. The method of claim 2386, wherein' the first or second mixture comprises 

y ' /' 

£115 condensable hydrocarbons, and wherein greater than about 20 % by weight of the 

ill 

■ condensable hydrocarbons are aromatic compounds. 

ii ' / 

A i 2405. The method of claim 2386, wherein the first or second mixture comprises 

■|! condensable hydrocarbons, and wherein less than about 5 % by weight of the 

yo.0 condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



2406. The method of claim 23 86, /wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 
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2407. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and/ wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons^are cycloalkanes. 

30 2408. The method of claim 2386, wherein the first or second mixture comprises a non- 
condensable component, and /wherein the non-condensable component comprises 
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hydrogen, and wherein the hydrogen is greater than about 1 0 % by volume of the non- 
condensable component and wherein the hydrogen is less than about 80 % by volume of 
the non-condensable component. 

2409. The method of claim 2386, wherein the first or second mixture comprises 
ammonia, and wherein greater than about 0.05 % by weight of the first or second mixture 
is ammonia. 
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241 0. The method of claim 2386, wherein the first or/second mixture comprises 
ammonia, and wherein the ammonia is used to produce fertilizer. 

241 1 . The method of claim 2386, further comprising controlling a pressure within at 
least a majority of the first or second section of th^formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 

2412. The method of claim 2386, further comprising controlling formation conditions to 
produce the first or second mixture, wherein a partial pressure of H2 within the first or 
second mixture is greater than about 0.5 bar. 



-20 2413. The method of claim 2386, wherein a partial pressure of H2 within the first or 
second mixture is measured when the first dr second mixture is at a production well. 
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2414. The method of claim 2386, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



24 1 5 . The method of claim 23 86, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the first or second mixture into the formation. 



30 



2416, The method of claim 2386, 



ier comprising: 
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providing hydrogen (H 2 ) to the first or second section to hydrogenate 
hydrocarbons within the first or second section, respectively; and 

heating a portion of the first or second section, respectively, with heat from 
hydrogenation. 
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2417. The method of claim 2386, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2418. The method of claim 2386, wherein heating the first section or heating the second 
section comprises increasing a permeability fof a majority of the first or second section, 
respectively, to greater than about 100 milwdarcy. 

2419. The method of claim 2386, wherein heating the first section or heating the second 
section comprises substantially uniformly increasing a permeability of a majority of the 
first or second section, respectively. 

Z420. The method of claim 23 86, further comprising controlling heating of the first or 
second section to yield greater thayl about 60 % by weight of condensable hydrocarbons, 
as measured by the Fischer Assay, from the first or second section, respectively. 
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242 1 . The method of claim 2386, wherein producing the first or second mixture 
comprises producing the first or second mixture in a production well, and wherein at least 
about 7 heat sources are disposed in the formation for each production well. 



2422. The method of clainl 2386, further comprising providing heat from three or more 



heat sources to at least a p 
sources are located in the 



ion of the formation, wherein three or more of the heat 
ormation in a unit of heat sources, and wherein the unit of heat 



30 sources comprises a triangular pattern 
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2423. The method of claim 2386, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2424. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one <j>r more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation through one or more production wells, 
wherein the heating is controlled such that the mixture can be produced from the 
formation as a vapor, and wherein at least about 7 heat sources are disposed in the 
formation for each production well. 



2425. The method of claim 2424, wherein/the one or more heat sources comprise at 
least two heat sources, and wherein superaosition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



2426. The method of claim 2424, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2427. The method of claim 2424, wherein the one or more heat sources comprise 
electrical heaters. 



2428. The method of claim 2424, wherein the one or more heat sources comprise 
surface burners. 



V 



622 



Conley, Rose & Tayon, P C. 



2429, The method of claim 2424, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2430. The method of claim 2424, wherein the one or more heat sources comprise natural 
5 distributed combustors. / 
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243 1 . The method of claim 2424, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temjjerature, or the temperature is controlled as 
a function of pressure. 
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2432. The method of claim 2424, furtherycomprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

2433. ■ The method of claim 2424, Wierein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes af least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating enersfr/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = fc*F*C v *p 5 

wherein Pwr is the/heating energy/day, h is an average heating rate of the 
formation, p B is formatiory bulk density, and wherein the heating rate is less than about 10 
°C/day. 



2434. The method 
transferring heat substan 



of clMm 2424, wherein allowing the heat to transfer comprises 
ially by conduction. 
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2435. The method of claim 2424, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 

a portion of the selected section is greater than about 0.5 W/(m °C). 

/ 

2436. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



2437. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by jveight to about 15 % by weight of the 
10 condensable hydrocarbons are olefins. 

m 

if I 2438. The method of claim 2424, whe/ein the produced mixture comprises non- 

u\ I 

1= condensable hydrocarbons, and wherefri a molar ratio of ethene to ethane in the non- 

Y\ condensable hydrocarbons ranges frcpm about 0.001 to about 0.15. 

Ui 

pl5 

m 



2439. The method of claim 242% wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 

/ 

fy basis, of the condensable hydrocarbons is nitrogen, 

■fi 

9 

H20 2440. The method of claim/5424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein fless than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2441 . The method of claim 2424, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. 

2442. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

30 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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2443. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2444. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatic/ with more than two rings. 

2445. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

2446. The method of claim 2424^vherein the produced mixture comprises condensable 
hydrocarbons, and wherein abouj5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are yycloalkanes. 

2447. The method of clainy2424, wherein the produced mixture comprises a non- 
condensable component, Aynerein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

2448. The methocyof claim 2424, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2449. The metnod of claim 2424, wherein the produced mixture comprises ammonia, 
and wherein tne ammonia is used to produce fertilizer. 
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2450. The method of claim 2424, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

i 

245 1 . The method of claim 2424, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

2452. The method of claim 2452, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2453. The method of claim 2424, further/comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

2454. The method of claim 2424, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2455. The method of claim 242A, further comprising: 

providing hydrogen (IM to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of tMe section with heat from hydrogenation. 

2456. The method of claim 2424, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the producer hydrogen. 

2457. The method of claim 2424, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 
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2458. The method of claim 2424, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2459. The method of claim 2424, wherein the/seating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

2460. The method of claim 2424, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in ayunit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2461. The method of claim 2424, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2462. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation, wherein the ope or more heat sources are disposed within one or more first 
wells; 

allowing the hrfat to transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation through one or more second wells, 
wherein one or more of the first or second wells are initially used for a first purpose and 
are then used for one or more other purposes. 



2463. Themetho- 
from the formation 
formation. 



of claim 2462, wherein the first purpose comprises removing water 
, and wherein the second purpose comprises providing heat to the 



627 



Conley, Rose & Tayon, P.C. 



2464. The method of claim 2462, wherein the first purpose comprises removing water 
from the formation, and wherein the second purpose comprises producing the mixture. 

2465. The method of claim 2462, wherein the first purpose comprises heating, and 
wherein the second purpose comprises removing yater from the formation. 

irst purpose comprises producing the 
ises removing water from the formation. 

2467. The method of claim 2462, wherein tfie one or more heat sources comprise 
electrical heaters. / 

2468. The method of claim 2462, wherein the one or more heat sources comprise 
surface burners. / 

2469. The method of claim 2462, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

2470. The method of claim 2462, wherein the one or more heat sources comprise natural 
distributed combustors. / 

2471 . The method of claim 2462, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as /a function of temperature, or the temperature is controlled as 
a function of pressure. 

2472. The method of cla 
average heating rate of thj 
pyrolysis. I 



2466. The method of claim 2462, wherein the 
mixture, and wherein the second purpose combri 



2462, further comprising controlling the heat such that an 
selected section is less than about 1 .0 ° C per day during 
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2473. The method of claim 2462, wherein providing heat from the one or more heat 
sources to at least the portion of the formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has' an average heat capacity (C v ), and 
5 wherein the heating pyrolyzes at least some hydr^arbons within the selected volume of 
the formation; and 

wherein heating energy/day provided |6 the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

10 wherein Pwr is the heating energy/day, h is an average heating rate of the 

^ formation, ps is formation bulk density/ and wherein the heating rate is less than about 10 

$ °C/day. 

si 

T\ 241 A. The method of claim 2462/wherein providing heat from the one or more heat 
w* / 

P 1 5 sources comprises heating the selected section such that a thermal conductivity of at least 

'„' a portion of the selected section'is greater than about 0.5 W/(m °C). 

1 / 
* / 

Rl 2475. The method of claim/2462, wherein the produced mixture comprises condensable 



hydrocarbons having an API gravity of at least about 25°. 



20 I 

2476. The method of claim 2462, wherein the produced mixture comprises condensable 

/ 

hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



25 2477. The method of claim 2462, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



2478. The method of claim 2462, wherein the produced mixture comprises condensable 
30 hydrocarbons, ^nd wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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2479. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

/ 

2480. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by wpight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

248 1 . The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight tor about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

2482. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by-weight of the condensable 
hydrocarbons are aromatic compounds. 

2483. The method of claim 246Z wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 5 % by weight of the condensable 
hydrocarbons comprises multiyring aromatics with more than two rings. 

2484. The method of claim/ 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and whereiry less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltdnes. 

2485. The method of c/laim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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2486. The method of claim 2462, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volun^ of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

2487. The method of claim 2462, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2488. The method of claim 2462, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produceiertilizer. 

2489. The method of claim 2462, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

2490. The method of claim 2462, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater thaxf about 0.5 bar. 

249 1 . The method of claim 
the mixture is at a productior 

2492. The method of claim 2462, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than ab^ut 25. 

2493. The method of < 
wherein controlling foil 
from the mixture into t 



190, wherein the partial pressure of H2 is measured when 
r well. 



flaim 2462, further comprising controlling formation conditions, 
lation conditions comprises recirculating a portion of hydrogen 
le formation. 
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2494. The method of claim 2462, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from' hydrogenation. 

2495. The method of claim 2462, wherein the pro/iced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at /east a portion of the produced hydrogen. 

2496. The method of claim 2462, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of tl)e selected section to greater than about 100 
millidarcy. 

2497. The method of claim 2462, whe/ein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2498. The method of claim 2462, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

2499. The method of claim 2462, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2500. The method of claim 2462, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the /formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



2501. The method of 



aim 2462, further comprising providing heat from three or more 



heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

over an area of the formation to form a repetitive pattern of units. 

I 

2502. A method for forming heater wells in a hydrocarbon containing formation, 
comprising: / 

forming a first wellbore in the formation; / 

forming a second wellbore in the formation using magnetic tracking such that the 
second wellbore is arranged substantially parallel to the first wellbore; and 

providing at least one heating mechanism within the first wellbore and at least one 
heating mechanism within the second wellbore such that the heating mechanisms can 
provide heat to at least a portion of the formation. 

2503. The method of claim 1 , wherein Superposition of heat from the at least one 
heating mechanism within the first welmore and the at least one heating mechanism 
within the second wellbore pyrolyzesM least some hydrocarbons within a selected 
section of the formation. / 

2504. The method of claim 2502, further comprising maintaining a temperature within a 
selected section within a pyrolysis temperature range. 

2505. The method of claim 2p02, wherein the heating mechanisms comprise electrical 
heaters. / 

2506. The method of claim 2502, wherein the heating mechanisms comprise surface 
burners. / 

2507. The method of claim 2502, wherein the heating mechanisms comprise flameless 
distributed combustors. 
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2508. The method of claim 2502, wherein the heating mechanisms comprise natural 
distributed combustors. 

2509. The method of claim 2502, further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the / temperature is controlled as a 
function of pressure. / 

25 10. The method of claim 2502, further comprising controlling the heat from the 
heating mechanisms such that heat transferred from the heating mechanisms to at least 
the portion of the hydrocarbons is less than about 1 °t per day during pyrolysis. 

2511. The method of claim 2502, further comprising: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
heating mechanisms, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some Hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr 9 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk dens/ty, and wherein the heating rate is less than about 10 
°C/day. / 

2512. The method of claim 2502, further comprising allowing the heat to transfer from 
the heating mechanisms to at lept the portion of the formation substantially by 
conduction. 

2513. The method of clai 
mechanisms to at least the 
least the portion of the fori 



( 2502, further comprising providing heat from the heating 
portion of the formation such that a thermal conductivity of at 
lation is greater than about 0.5 W/(m °C). 
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2514. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

2515. The method of claim 2502, further com^ising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 1 5 °/o by weight of the condensable hydrocarbons 
are olefins. 



2516. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 



from about 0.001 to about 0.15. 



/ 



2517. - The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons^ nitrogen. 

25 1 8. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

25 19. The method/of claim 2502, further comprising producing a mixture from the 
formation, wherein/the produced mixture comprises condensable hydrocarbons, and 



wherein less than 



about 1 % by weight, when calculated on an atomic basis, of the 



condensable hydrocarbons is sulfur. 
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2520. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. ' 

252 1 . The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. / 

2522. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of th£ condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. / 

2523. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weiept of the condensable hydrocarbons are 
asphaltenes. / 

2524. The method of claim 2502, rurther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to apout 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. / 

2525. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable /component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 
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2526. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

/ 

2527. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ^mmonia, and wherein the ammonia 
is used to produce fertilizer. 

10 2528. The method of claim 2502, further comprising controlling a pressure within at 
pi least a majority of a selected section of the fornption, wherein the controlled pressure is 

at least about 2.0 bar absolute. 



m 

XI 

hi 
ft 



* 20 



2529. The method of claim 2528, wherein /he partial pressure of H2 within the mixture 



j j;i5 is greater than about 0.5 bar. 



2530. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the partial pressur^of H2 within the mixture is measured when the 
mixture is at a production well. 

253 1 . The method of claim 2502, yrurther comprising altering a pressure within the 
formation to inhibit production of^nydrocarbons from the formation having carbon 
numbers greater than about 25. 



25 2532. The method of claim 2502, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2533. The method of claim 2502, further comprising: 
30 providing hydrogen jfH 2 ) to the portion to hydrogenate hydrocarbons within the 

formation; and 
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heating a portion of the formation with heat from hydrogenation. 



2534. The method of claim 2502, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2535. The method of claim 2502, further comprising allowing heat to transfer from the 
heating mechanisms to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 

2536. The method of claim 2502, further comprising allowing heat to transfer from the 
heating mechanisms to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section sruch that a permeability of a majority of the 
selected section increases substantially uniformly. 

2537. The method of claim 2502, further comprising controlling the heat to yield greater 
than about 60 % by weight of condei/sable hydrocarbons, as measured by the Fischer 
Assay. 

2538. The method of claim 2502( further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. 

2539. The method of claim 2&02, further comprising forming a production well in the 
formation using magnetic traoking such that the production well is substantially parallel 
to the first wellbore and couriling a wellhead to the third wellbore. 

2540. The method of clairrj 2502, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



2541 . The method of claim 2502, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2542. A method for installing a heater well into a hydrocarbon containing formation, 
comprising: 

forming a bore in the ground using a steerable mofor and an accelerometer; and 
providing a heating mechanism within the bore ^iich that the heating mechanism 
can transfer heat to at least a portion of the formatior 

2543. The method of claim 2542, further comprising installing at least two heater wells, 
and wherein superposition of heat from at least the two heater wells pyrolyzes at least 
some hydrocarbons within a selected section of the formation. 

2544. The method of claim 2542, further comprising maintaining a temperature within a 
selected section within a pyrolysis temperature range. 

2545. The method of claim 2542, wherein pe heating mechanism comprises an 
electrical heater. 



2546. The method of claim 2542, where/n the heating mechanism comprises a surface 
burner. 

2547. The method of claim 2542, wherein the heating mechanism comprises a flameless 
distributed combustor. 
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2548. The method of claim 2542, wherein the heating mechanism comprises a natural 
distributed combustor. 

2549. The method of claim 2542, further comprising controlling a pressure and a 

5 temperature within at least a majority of a selected section/of the formation, wherein the 
pressure is controlled as a function of temperature, or the remperature is controlled as a 
function of pressure. 

2550. The method of claim 2542, further comprising controlling the heat from the 
10 heating mechanism such that heat transferred from the heating mechanism to at least the 

l==i portion of the formation is less than about 1 °C per day during pyrolysis. 

ill 

*f > 255 1 . The method of claim 2542, further comprisij&g: 
\\] heating a selected volume (V) of the hydrocarbon containing formation from the 

1 5 heating mechanism, wherein the formation has aiy average heat capacity (C v ), and 

wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 

p the formation; and 

fil wherein heating energy/day provided tj5 the volume is equal to or less than Pwr, 

41 

E) wherein Pwr is calculated by the equation: 

F i0 Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/c&y, h is an average heating rate of the 

formation, p B is formation bulk density, anp wherein the heating rate is less than about 10 

°C/day. 

25 2552. The method of claim 2542, furth'er comprising allowing the heat to transfer from 
the heating mechanism to at least the portion of the formation substantially by 
conduction. 

2553. The method of claim 2542, further comprising providing heat from the heating 
30 mechanism to at least the portion of /the formation such that a thermal conductivity of at 



■f! ! 



least the portion of the formation is 



greater than about 0.5 W/(m °C). 
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2554. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

i 

j 

2555. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensabli hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the /condensable hydrocarbons 
are olefins. 

2556. The method of claim 2542, further comprising produc/ing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-conder/sable hydrocarbons ranges 
from about 0.001 to about 0.15. 

2557. - The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculate^ on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2558. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calcinated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



2559. The method of claim 2542, further compmsing producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 



wherein less than about 1 % by weight, when c; 
condensable hydrocarbons is sulfur. 



Iculated on an atomic basis, of the 



641 



Conley, Rose & Tayon, P.C. 



2560. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. / 



2561 . The method of claim 2542, further comprising producing a mixture from the 



formation, wherein the produced mixture comprises condensable ^hydrocarbons, and 
wherein gre; 
compounds. 



wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 



2562. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2563. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 

2564. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

2565. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 
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2566. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is amriionia. 



2567. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. / 

2568. The method of claim 2542, further comprising controlling a pressure within at 
least a majority of a selected section of the formation, wherein the controlled pressure is 
at least about 2.0 bar absolute. / 

2569. The method of claim 2542, further comprising controlling formation conditions to 
produce a mixture from the formation/wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. / 

2570. The method of claim 2569, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2571 . The method of clainy2542, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2572. The method ofclaim 2542, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture int© the formation. 

2573. The method ofclaim 2542, further comprising: 

providing nydrogen (H2) to the at least the heated portion to hydrogenate 
hydrocarbons wifhin the formation; and 
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heating a portion of the formation with heat from hydrogenation. 



2574. The method of claim 2542, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2575. The method of claim 2542, further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section suchyihat a permeability of a majority of a 
selected section of the formation increases ta greater than about 100 millidarcy. 

2576. The method of claim 2542, furthencomprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of the 
selected section increases substantially uniformly. 

2577. The method of claim 2542, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

2578. The method of claim 2^42, further comprising producing a mixture in a 
production well, and wherein at least about 7 heating mechanisms are disposed in the 
formation for each production well. 



2579. The method of claim 2542, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



644 



Conley, Rose & Tayon, P.C. 



2580. The method of claim 2542, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattem/of units. 

/ 

2581 . A method for installing of wells in a hydrocarbon containing formation, 
comprising: / 

forming a wellbore in the formation by geosteered drilling; and 
providing a heating mechanism within the wellbore such that the heating 
mechanism can transfer heat to at least a portion of the formation. 



2582. The method of claim 258 1 , further comprising maintaining a temperature within a 
selected section within a pyrolysis temperature range. 



2583. The method of claim 258 1 , wherqin the heating mechanism comprises an 
. electrical heater. 

2584. The method of claim 2581, wherein the heating mechanism comprises a surface 
burner. 

2585. The method of claim 258 1/ wherein the heating mechanism comprises a flameless 
distributed combustor. 

2586. The method of claim 25,81, wherein the heating mechanism comprises a natural 
distributed combustor. 



2587. The method of claim 2581, further comprising controlling a pressure and a 
temperature within at least a^majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 
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2588. The method of claim 258 1 , further comprising controlling the heat from the 
heating mechanism such that heat transferred from the heating mechanism to at least the 



heating a selected volume (V) of the hydrocarbon containing formation from the 
heating mechanism, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbonywithin the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = h*V*C*p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

2590. The method of claim 2581, further comprising allowing the heat to transfer from 
the heating mechanism to at least the portion of the formation substantially by 
conduction. / 

2591. The method of claim 2581, further comprising providing heat from the heating 
mechanism to at least the portion of me formation such that a thermal conductivity of at 
least the portion of the formation is/greater than about 0.5 W/(m °C). 

2592. The method of claim 258 1, further comprising producing a mixture from the 
formation, wherein the producea mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25r. 

2593. The method of claim 258 1, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 



portion of the formation is less than about 1 °C per day during pyrolysis. 



2589. The method of claim 258 1 , further comprising: 
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wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



2594. The method of claim 258 1, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-con^^nsable hydrocarbons ranges 
from about 0.001 to about 0.15. 
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2595. The method of claim 258 1 5 further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2596. The method of claim 258 1, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, w^en calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



;j 2597. The method of claim 258 1 , further comprising producing a mixture from the 

:s 20 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 

condensable hydrocarbons is sulfur. 



25 



30 



2598. The method of claim 2581 /further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 i% by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, fnd wherein the oxygen containing compounds comprise 
phenols. 



2599. The method of claim 2^58 
formation, wherein the produo ;d 



1, further comprising producing a mixture from the 
mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

2600. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises,condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. / 

260 1 . The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weighyof the condensable hydrocarbons are 
asphaltenes. / 

2602. The method of claim 258 1 , mrther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. / 

2603. The method of clainv2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 %/by volume of the non-condensable component, and wherein the 
hydrogen is less than aoout 80 % by volume of the non-condensable component. 

2604. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein/the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2605. The method of claim 258 1, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to proauce fertilizer. 
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2606. The method of claim 258 1 , further comprising controlling a pressure within at 
least a majority of a selected section of the formation, wherein the controlled pressure is 
at least about 2.0 bar absolute. 

2607. The method of claim 2581, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. / 

2608. The method of claim 2607, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2609. The method of claim 2581, furtner comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

2610. The method of claim 258/, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2611. The method of claini 2581, further comprising: 

providing hydrogen (H2) to at least the heated portion to hydrogenate 
hydrocarbons within the formation; and 

heating a portion/of the formation with heat from hydrogenation. 

2612. The method ofclaim 2581, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 
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2613. The method of claim 2581, further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 



2614. The method of claim 2581, further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of the 
selected section increases substantially unifomily. 

2615. The method of claim 2581, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

26 1 6. The method of claim 2581, fisher comprising producing a mixture in a 
production well, and wherein at lea/t about 7 heat sources are disposed in the formation 
for each production well. / 

26 1 7. The method of claim 25y8 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2618. The method of clafim 2581, further comprising providing heat from three or more 
heat sources to at least a/portion of the formation, wherein three or more of the heat 
sources are located in tne formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2619. A method ofl treating a hydrocarbon containing formation in situ, comprising: 



/■ 
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heating a selected section of the formation with a heating element placed within a 
wellbore, wherein at least one end of the heating element is free to move axially within 
the wellbore to allow for thermal expansion of the heating element. 

/ < 

2620. The method of claim 261 9, further comprising at least two heating elements 
within at least two wellbores, and wherein superposition of heat from at least the two 
heating elements pyrolyzes at least some hydrocarbons within a selected section of the 
formation. / 

flier comprising maintaining a temperature within 
temperature range. 

2622. The method of claim 26 1 9( wherein the heating element comprises a pipe-in-pipe 
heater. / 

2623 . The method of claim 26 1 9, wherein the heating element comprises a flameless 
distributed combustor. / 

2624. The method of claim 261 9, wherein the heating element comprises a mineral 
insulated cable coupled/to a support, and wherein the support is free to move within the 
wellbore. / 

2625 . The methodfcf claim 26 1 9, wherein the heating element comprises a mineral 
insulated cable suspended from a wellhead. 

2626. The methbd of claim 2619, further comprising controlling a pressure and a 
temperature within at least a majority of a heated section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 



262 1 . The method of claim 2619, 
the selected section within a pyrolysi£ 
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2627. The method of claim 2619, further comprising controlling the heat such that an 
average heating rate of the heated section is less than about 1 °C per day during pyrolysis. 



2628. The method of claim 261 9, wherein heating the section of the formation further 
comprises: / 

heating a selected volume (V) of the hydrocarbon containing formation from the 
heating element, wherein the formation has an average heat capacity (C v )» and wherein 
the heating pyrolyzes at least some hydrocarbons ^vithin the selected volume of the 
formation; and 

wherein heating energy/day provided t^the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day , h is an average heating rate of the 
formation, p B is formation bulk density, £nd wherein the heating rate is less than about 10 
°C/day. 

2629. The method of claim 26 1 9, ^herein heating the section of the formation 
comprises transferring heat substantially by conduction. 

2630. The method of claim 26 1£, further comprising heating the selected section of the 
formation such that a thermal conductivity of the selected section is greater than about 
0.5 W/(m°C). 

263 1 . The method of claim £619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least aboujt 25°. 

2632. The method of claftn 26 1 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0. 1 % by fveight to about 1 5 % by weight of the condensable hydrocarbons 
are olefins. 
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2633. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

/ 

2634. The method of claim 261 9, further com^/ising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. / 

2635. The method of claim 26 1 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2636. The method of claim 26 1 % further comprising producing a mixture from the 
formation, wherein the produced/mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by /weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2637. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the pronuced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. / 

2638. The method off claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 
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2639. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. / 

2640. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 



2641 . The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 //o by weight of the condensable hydrocarbons 
are cycloalkanes. 



2642. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 



2643. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight otfthe produced mixture is ammonia. 



2644. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 
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2645. The method of claim 26 1 9, further comprising controlling a pressure within the 
selected section of the formation, wherein the controlled pressure is at least about 2.0 bar 
absolute. 



2646. The method of claim 2619, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein aypartial pressure of H2 within the mixture 
is greater than about 0.5 bar. 



2647. The method of claim 2647, wherein/the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

2648. The method of claim 26 1 9, furflier comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2649; The method of claim 26/9, further comprising producing a mixture from the 
formation and controlling fomtation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2650. The method of claim 26 1 9, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the heated section; and 

heating a portion of the section with heat from hydrogenation. 

265 1 . The method of claim 26 1 9, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenatmg a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



2652. The method of claim 2619, wherein heating comprises increasing a permeability 
of a majority of tie heated section to greater than about 100 millidarcy. 
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2653 . The method of claim 26 1 9, wherein heating comprises substantially uniformly 
increasing a permeability of a majority of the heated section. 

i 

5 2654. The method of claim 26 1 9, wherein the heating is controlled to yield greater than 

/ 

about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

2655. The method of claim 2619, further^omprising producing a mixture in a 
production well, and wherein at least about 7 heat sources are disposed in the formation 
1 0 for each production well. / 

Q / 

jlf 2656. The method of claim 26 1 9, fiflrther comprising providing heat from three or more 

ill I 

41 heat sources to at least a portion of/the formation, wherein three or more of the heat 

l!a sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

tee J 

^'5 sources comprises a triangular pattern. 

Hi / 

'f! 2657. . The method of claim 2619, further comprising providing heat from three or more 

HI heat sources to at least a portion of the formation, wherein three or more of the heat 
■f° / 

p sources are located in the formation in a unit of heat sources, wherein the unit of heat 
'20 sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2658. A method of trotting a hydrocarbon containing formation in situ, comprising: 
providing heat/from one or more heat sources to at least a portion of the 
25 formation; / 

allowing the neat to transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a/mixture from the formation through a production well, wherein the 
production well is located such that a majority of the mixture produced from the 
30 formation comprises non-condensable hydrocarbons and a non-condensable component 
comprising hydrogen. 
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2659. The method of claim 2658, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 



2660. The method of claim 2658, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2661 . The method of claim 2658, wherein the production well is less than 
approximately 6 m from a heat source of the one or more heat sources. 

2662. The method of claim 2658, wherein the production well is less than 
approximately 3 m from a heat sour/e of the one or more heat sources. 



2663. The method of claim 2658, wherein the production well is less than 
approximately 1 .5 m from a heat source of the one or more heat sources. 



2664. The method of claim/2658, wherein an additional heat source is positioned within 



a wellbore of the production well. 



2665. The method of claim 2658, wherein the one or more heat sources comprise 
electrical heaters. 

2666. The method of claim 2658, wherein the one or more heat sources comprise 
surface burners. 



2667. The method of claim 2658, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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2668. The method of claim 2658, wherein the one or more heat sources comprise natural 
distributed combustors. 

2669. The method of claim 2658, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature^ or the temperature is controlled as 
a function of pressure. / 

2670. The method of claim 2658, further composing controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

2671. The method of claim 2658, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at leapt some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by ther equation: 

Pwr = h*V*C v *p B / 

wherein Pwr is the hearting energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

2672. The method of claim 2658, wherein allowing the heat to transfer from the one or 
more heat sources to the selected section comprises transferring heat substantially by 
conduction. / 
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2673. The method of claim 2658, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



2674. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2675. The method of claim 2658, wherein the^produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2676. The method of claim 2658, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2677. The method of claim 2658^wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



2678. The method of claim^2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Jess than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



2679. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



2680. The method/of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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2681 . The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2682. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5\% by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2683. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abcmt 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

2684. The method of claim 2658,Avherein the produced mixture comprises condensable 
hydrocarbons, and wherein abouj5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2685. The method of clainy2658, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is sweater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

2686. The method of claim 2658, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2687. The method of claim 2658, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2688. The method of claim 2658, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 

is at least about 2.0 bar absolute. 

\ 
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2689. The method of claim 2658, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 



../I 



2690. The method of claim 2689, whereu/the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

269 1 . The method of claim 2658, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



2692. The method of claim 2658, furthdt comprising controlling formation conditions 
by recirculating a portion of the hydrogen from the mixture into the formation. 

2693 . The method of claim 2658, fiirther comprising: 
providing hydrogen (H 2 ) to pe heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the sefction with heat from hydrogenation. 

2694. The method of claim 2658, further comprising: 
producing condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



2695 . The method of claim 2658, wherein allowing the heat to transfer comprises 



increasing a permeability 
millidarcy. 



)f a majority of the selected section to greater than about 100 



2696. The method of els im 2658, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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2697. The method of claim 2658, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. n 

2698. The method of claim 2658, wherein producing the mixture comprises producing 



the mixture in a production well, and wherei 
the formation for each production well. 



at least about 7 heat sources are disposed in 



2699. The method of claim 2658, further jfcomprising providing heat from three or more 
heat sources to at least a portion of the fonnation, wherein three or more of the heat 
sources are located in the formation in a^mit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2700. The method of claim 265 8, fiirther comprising providing heat from three or more 
heat sources to at least a portion ofythe formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation taform a repetitive pattern of units. 



2701 . A method of treating A hydrocarbon containing formation in situ, comprising: 
providing heat to at Feast a portion of the formation from one or more first heat 

sources placed within a pattern in the formation; 

allowing the heat tq transfer from the one or more first heat sources to a first 

section of the formation; 

heating a second section of the formation with at least one second heat source, 

wherein the second section is located within the first section, and wherein at least the one 

second heat source is configured to raise an average temperature of a portion of the 

second section to a higl/er temperature than an average temperature of the first section; 

and 
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producing a mixture from the formation through a production well positioned 
within the second section, wherein a majority of the produced mixture comprises non- 
condensable hydrocarbons and a non-condensable component comprising H2 
components. 

2702. The method of claim 270 1 , wherein the on^ or more first heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the first section of the formation. 

2703 . The method of claim 270 1 , further comprising maintaining a temperature within 
the first section within a pyrolysis temperature range. 

2704. The method of claim 270 1 , wherein at least the one heat source comprises a 
heater element positioned within the production well. 

2705. The method of claim 2701, ^herein at least the one second heat source comprises 
an electrical heater. 

2706. The method of claim 270/ , wherein at least the one second heat source comprises 
a surface burner. 

2707. The method of claim 2^70 1 , wherein at least the one second heat source comprises 
a flameless distributed combi&stor. 

2708. The method of clainl 270 1 , wherein at least the one second heat source comprises 
a natural distributed combustor. 

2709. The method of clajim 2701, further comprising controlling a pressure and a 
temperature within at least a majority of the first or the second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function pf pressure. 
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27 1 0. The method of claim 270 1 , further comprising controlling the heat such that an 
average heating rate of the first section is less than about l.°C per day during pyrolysis. 

I 

2711. The method of claim 270 1 , wherein providing heat to the formation further 
comprises: j 

heating a selected volume ( V) of the hydrocarbon containing formation from the 
one or more first heat sources, wherein the formation has an average heat capacity (C v ) 5 
and wherein the heating pyrolyzes at least someyhydrocarbons within the selected volume 
of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C*p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

2712. The method of claim 270 1 , wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2713. The method of claim 270 1 , wherein providing heat from the one or more first heat 
sources comprises heating the; first section such that a thermal conductivity of at least a 
portion of the first section is greater than about 0.5 W/(m °C). 

2714. The method of claim 270 1 , wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

/ 

2715. The method of claim 270 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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2716. The method of claim 270 1 , wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2717. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, whep calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

/ 

2718. The method of claim 270 1 , wherein the produce/ mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

2719. The method of claim 270 1 , wherein the'produced mixture comprises condensable 
hydrocarbons, and wherein less than about \//o by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2720. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by/weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise tmenols. 

272 1 . The method of claim 270 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2722. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2723. The method/of claim 270 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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2724. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2725. The method of claim 2701, wherein the produced^ mixture comprises a non- 
condensable component, wherein the non-condensablp component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % bj/volume of the non-condensable 
component, and wherein the hydrogen is less tha/ about 80 % by volume of the non- 
condensable component. 

2726. The method of claim 2701, whereirf the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2727. The method of claim 2701, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used jo produce fertilizer. 

2728. The method of claim 2/01 , further comprising controlling a pressure within at 
least a majority of the first oj the second section of the formation, wherein the controlled 
pressure is at least about 2p bar absolute. 

2729. The method of oflaim 2701 , further comprising controlling formation conditions to 
produce the mixture, ^herein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 

2730. The method of claim 2729, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 



273 1 . The method of claim 270 1 , further comprising altering a pressure within the 
formation tq inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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2732. The method of claim 270 1 , further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



2733. The method of claim 2701, further comprising: 

providing hydrogen (H2) to the first or second section to hydrogenate 
hydrocarbons within the first or second section, respectively; and 

heating a portion of the first or second section, respectively, with heat from 
hydrogenation. 



2734. The method of claim 2701 , further comprising: 

producing condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 



luc 



portion of the produced hydrogen. 

/ 

2735. The method of claim 2701, wherein allowing the heat to transfer comprises 

i 

increasing a permeability of a majority of the first or second section to greater than about 
100 millidarcy. / 

/ 

2736. The method of claim 270 1 , wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the first or second 

section. / 

/ 

J 

2737. The method of claim 270 1 , wherein heating the first or the second section is 
controlled to yield greater than about 60 % by weight of condensable hydrocarbons, as 
measured by the Fischer Assay. 



2738. The method of claim 270 1 , wherein at least about 7 heat sources are disposed in 
the formation for/each production well. 
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2739. The method of claim 2701 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sburces, and wherein the unit of heat 

i 

sources comprises a triangular pattern. / 

/ 



2740. The method of claim 270 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
10 over an area of the formation to form a repetitive pattern of units. 

Q , 

m 274 1 . A method of treating a hydrocarbon containing formation in situ, comprising: 

iii / 

p? providing heat into the formation from a plurality of heat sources placed in a 

f\ pattern within the formation, wherein a spacing between heat sources is greater than 

UJ /' 

p about 6 m; / 

PI 

; * ! allowing the heat to transfer from the plurality of heat sources to a selected 

P section of the formation; 

\\l producing a mixture from the formation from a plurality of production wells, 

£ *I wherein the plurality of production wells are positioned within the pattern, and wherein a 

k6 spacing between production wells is greater than about 12 m. 

t 

/ 

2742. The method of claim 274 1 , wherein superposition of heat from the plurality of 

/ 

heat sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



2743. The method of claim 274 1 , further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



2744. The method of claim 2741, wherein the plurality of heat sources comprises 
30 electrical heaters. 
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2745. The method of claim 274 1 , wherein the plurality of heat sources comprises 
surface burners. 

i 

2746. The method of claim 274 1 , wherein the plurality of heat sources comprises 
flameless distributed combustors. 

2747. The method of claim 2741 , wherein the plurality/of heat sources comprises 
natural distributed combustors. 



10 
□ 

m 

y 

111 



2748. The method of claim 274 1 , further comprising controlling a pressure and a 
temperature within at least a majority of the selec/ed section of the formation, wherein 
the pressure is controlled as a function of tempe/ature, or the temperature is controlled as 
a function of pressure. 

2749. The method of claim 274 1 , further comprising controlling the heat such that an 
average heating rate of the selected sectioj/ is less than about 1 °C per day during 
pyrolysis. 



tl 2750. The method of claim 274 1 , wl^rein providing heat from the plurality of heat 
feb comprises: 

heating a selected volume (fj) of the hydrocarbon containing formation from the 
plurality of heat sources, wherein ttte formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at lpst some hydrocarbons within the selected volume of 
the formation; and 

25 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by tip equation: 
Pwr = A*F*C v *pa 

wherein Pwr is the heAting energy/day, h is an average heating rate of the 
formation, p B is formation bflk density, and wherein the heating rate is less than about 10 
30 °C/day. 
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275 1 . The method of claim 274 1 , wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2752. The method of claim 274 1 , wherein providing heat comprises heating the selected 
formation such that a thermal conductivity of at least a portibn of the selected section is 
greater than about 0.5 W/(m °C). j / 

2753. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2754. The method of claim 2741 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weignt to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

2755. The method of claim 274 1 , wherein yflhte produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2756. The method of claim 274 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than About 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2757. The method of claim 274 V, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2758. The method of claim 2T741 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



670 



Conley, Rose & Tayon, P.C. 



2759. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

/ 

2760. The method of claim 2741, wherein the produced ntfxture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

2761 . The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2762. The method of claim 2741, whereir/the produced mixture comprises condensable 
hydrocarbons, and wherein less than aboiit 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

2763. The method of claim 2741 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about p % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2764. The method of claim A 74 1 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is tpreater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

2765. The method/ of claim 2741 , wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



671 



Conley, Rose & Tayon, P.C. 



2766. The method of claim 2741, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



2767. The method of claim 2741, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



2768. The method of claim 274 1 , further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

2769. The method of claim 2768, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at/a production well. 

2770. The method of claim 2741 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25 . 



2771 . The method of claim 2741 , further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



2772. The method of claim 2741 , further comprising: 

providing hydrogen (H 2 ) to the selected section to hydrogenate hydrocarbons 
within the selected section; and 

heating a portion of the selected section with heat from hydrogenation. 



2773. The method of claim 274 1 , further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



672 



Conley, Rose & Tayon, P.C. 



2774. The method of claim 274 1 , wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



2775. The method of claim 2741 , wherein avowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2776. The method of claim 2741 , further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

2777. The method of claim 2741,/vherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2778. The method of claim 2741 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2779. The method of c/aim 274 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located inrthe formation in a unit of heat sources, wherein the unit of heat 
sources comprises a ftiangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2780. A system configured to heat a hydrocarbon containing formation, comprising: 

a heater disposed in an opening in the formation, wherein the heater is configured 

to provide heat tp at least a portion of the formation during use; 
an oxidizing fluid source; 

a condu t disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
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use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone'bf the formation during use. 

2781 . The system of claim 2780, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizingiluid is transported through the reaction 
zone substantially by diffusion. / 

2782. The system of claim 2780, whereinyftie conduit comprises orifices, and wherein 
the orifices are configured to provide the Oxidizing fluid into the opening. 

2783. The system of claim 2780, wh/rein the conduit comprises critical flow orifices, 
and wherein the critical flow orifice/ are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation irt the formation is controlled. 

2784. The system of claim 2780, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 

2785. The system of clainY2780, wherein the conduit is further configured to remove an 
oxidation product. / 

2786. The system of c/aim 2780, wherein the conduit is further configured to remove an 
oxidation product sucK that the oxidation product transfers substantial heat to the 
oxidizing fluid. / 

2787. The systeny of claim 2780, wherein the conduit is further configured to remove an 
oxidation product/ and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately ecRial to a flow rate of the oxidation product in the conduit. 
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2788. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. f 

/ 

2789. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation producUs substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 



2790. The system of claim 2780, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



2791. The system of claim 2780, further comprising a center conduit disposed within 

I . ..... 

the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 

the opening during use, and wherein the conduit is further configured to remove an 

oxidation product during use. 



2792. The system of claim 2780/ wherein the portion of the formation extends radially 

/ 

from the opening a width of less'than approximately 0.2 m. 



2793. The system of claim 2780, further comprising a conductor disposed in a second 
conduit, wherein the second conduit is disposed within the opening, and wherein the 
conductor is configured to4eat at least a portion of the formation during application of an 
electrical current to the conductor. 



2794. The system of/claim 2780, further comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configured to heat at least a 
portion of the formation during application of an electrical current to the insulated 
conductor. 
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2795. The system of claim 2780, further comprising at least one elongated member 
disposed within the opening, wherein the at least the one elongated member is configured 
to heat at least a portion of the formation during application of an electrical current to the 
at least the one elongated member. / 

2796. The system of claim 2780, further comprising a heat exchanger disposed external 
to the formation, wherein the heat exchanger is configured to heat the oxidizing fluid, 
wherein the conduit is further configured to provide the heated oxidizing fluid into the 
opening during use, and wherein the heated oxidizing fluid is configured to heat at least a 
portion of the formation during use. 

2797. The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden Rasing is disposed in an overburden of the 
formation. 

2798. The system of claim 27&0, further comprising an overburden casing coupled to 
the opening, wherein the overpurden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2799. The system of clafm 2780, further comprising an overburden casing coupled to 
the opening, wherein thje overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2800. The system bf claim 2780, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

2801 . The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wHerein a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

2802. The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed/in an overburden of the 
formation, wherein a packing material is disposed at /junction of the overburden casing 
and the opening, and wherein the packing material </omprises cement. 

2803 . The system of claim 2780, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2804. A system configurable to heat a hydrocarbon containing formation, comprising: 
a heater configurable to be disposed in an opening in the formation, wherein the 

heater is further configurable to provicfe heat to at least a portion of the formation during 
use; / 

a conduit configurable to bp disposed in the opening, wherein the conduit is 
configurable to provide an oxidizing fluid from an oxidizing fluid source to a reaction 
zone in the formation during use, and wherein the system is configurable to allow the 
oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone during use such 
that heat is generated at the reaction zone; and 

wherein the systen/ is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2805. The system of maim 2804, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zdne such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

2806. The systenr of claim 2804, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 
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2807. The system of claim 2804, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



2808. The system of claim 2804, wherein the conduit is further configurable to be 

cooled with the oxidizing fluid such that the conduit is not substantially heated by 

/ 

oxidation. j 

2809. The system of claim 2804, wherein the cop^uit is further configurable to remove 
an oxidation product. 



2810. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 



2811. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 



28 1 2. The system of claim 280jl, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation prod/ct in the conduit are controlled to reduce contamination of 
the oxidation product by the i>xidizing fluid. 



2813. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, ancr wherein the oxidation product is substantially inhibited from 
flowing into portions of ihe formation beyond the reaction zone. 

2814. The system of claim 2804, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 
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2815. The system of claim 2804, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product during use. / 



2816. The system of claim 2804, wherein the portiorr of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2817. The system of claim 2804, further comnnsing a conductor disposed in a second 
conduit, wherein the second conduit is disposal within the opening, and wherein the 
conductor is configurable to heat at least a portion of the formation during application of 
an electrical current to the conductor. / 

28 1 8. The system of claim 2804, further comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configurable to heat at least a 
portion of the formation during application of an electrical current to the insulated 
conductor. / 

2819. The system of claim 2804, further comprising at least one elongated member 
disposed within the opening/ wherein the at least the one elongated member is 
configurable to heat at leap a portion of the formation during application of an electrical 
current to the at least the/one elongated member. 

2820. The system ofyfclaim 2804, further comprising a heat exchanger disposed external 
to the formation, wherein the heat exchanger is configurable to heat the oxidizing fluid, 
wherein the conduiy is further configurable to provide the heated oxidizing fluid into the 
opening during use, and wherein the heated oxidizing fluid is configurable to heat at least 
a portion of the formation during use. 



/ 
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282 1 . The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



2822. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2823. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is/disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



2824. The system of claim 2804, further/comprising an overburden casing coupled to 
the opening, wherein a packing material/is disposed at a junction of the overburden 
casing and the opening. 

2825. The system of claim 2804, ftlrther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing ma/erial is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially, inhibit 
a flow of fluid between the opening and the overburden casing during use. 

2826. The system of claim£804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a pacMng material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2827. The system of claim 2804, wherein the system is further configurable such that 
transferred heat can pwolyze at least some hydrocarbons in the pyrolysis zone. 

2828. An in situ method for heating a hydrocarbon containing formation, comprising: 
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heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
5 the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by/conduction from the reaction zone 
to a pyrolysis zone in the formation. / 

2829. The method of claim 2828, further compri/ing transporting the oxidizing fluid 
10 through the reaction zone by diffusion. / 

m / 

$ 2830. The method of claim 2828, further comprising directing at least a portion of the 

Ui J 

s p oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 
M / 

y / 

iiS 2831. The method of claim 2828, furthe/ comprising controlling a flow of the oxidizing 

ill / 

J: v fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 

I 

oxidation is controlled. / 

Si / 

% 2832. The method of claim 2828, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

2833. The method of claim 2828, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 

25 of the conduit by oxidation. / 

2834. The method of clair 
method further comprising 
the conduit. / 

30 / 



i 2828, wherein a conduit is disposed within the opening, the 
Removing an oxidation product from the formation through 
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2835. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to oxidizing 
fluid in the conduit. 

2836. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation producp from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in/the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

2837. The method of claim 2828, wherein a condflit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between/he oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. 

2838. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibith/g the oxidation product from flowing into portions 
of the formation beyond the reaction zone. 

2839. The method of claim 2828, further comprising substantially inhibiting the 
oxidizing fluid from flowing info portions of the formation beyond the reaction zone. 

2840. The method of claim £828, wherein a center conduit is disposed within an outer 
conduit, and wherein the oiuer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

2841. The method of ciaim 2828, wherein the portion of the formation extends radially 
from the opening a widih of less than approximately 0.2 m. 
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2842. The method of claim 2828, wherein heating the portion comprises applying 
electrical current to a conductor disposed in a conduit, wherein the conduit is disposed 
within the opening. ' 



2843. The method of claim 2828, wherein heating the portion comprises applying 
electrical current to an insulated conductor disposed within the opening. 



2844. The method of claim 2828, wherein heating the portion comprises applying 
electrical current to at least one elongated member/iisposed within the opening. 



2845. The method of claim 2828, wherein heating the portion comprises heating the 
oxidizing fluid in a heat exchanger disposed external to the formation such that providing 
the oxidizing fluid into the opening comprises transferring heat from the heated oxidizing 
fluid to the portion. 



2846. The method of claim 2828, further comprising removing water from the formation 
prior to heating the portion. 



2847. The method of claim 2828/ further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 



2848. The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



2849. The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein the^)verburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

i 
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2850. The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

/ : 

2851. The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

2852. The method of claim 2828, whereyi the pyrolysis zone is substantially adjacent to 
the reaction zone. 

2853. A system configured to heat i hydrocarbon containing formation, comprising: 
a heater disposed in an opening in the formation, wherein the heater is configured 

to provide heat to at least a portion of the formation during use; 
an oxidizing fluid source; 

a conduit disposed in me opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at the 
reaction zone during use/such that heat is generated at the reaction zone, and wherein the 
conduit is further configured to remove an oxidation product from the formation during 
use; and 

wherein the System is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 



2854. The system of claim 2853, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 



zone substantia 



2855. The 
the orifices are 



ly by diffusion. 



system of claim 2853, wherein the conduit comprises orifices, and wherein 
configured to provide the oxidizing fluid into the opening. 



\ 



684 



Conley, Rose & Tayon, P.C. 



2856. The system of claim 2853, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



2857. The system of claim 2853, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 

2858. The system of claim 2853, wherein the conduit is further configured such that the 
oxidation product transfers heat to the oxidizing fluid. 

2859. The system of claim 2853, wherein a flow rate of the oxidizing fluid in the 
conduit is approximately equal to a flow rateybf the oxidation product in the conduit. 

2860. The system of claim 2853, whereirf a pressure of the oxidizing fluid in the conduit 
and a pressure of the oxidation product in the conduit are controlled to reduce 
contamination of the oxidation product by the oxidizing fluid. 

2861. The system of claim 2853, wHerein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2862. The system of claim 2853 /wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2863. The system of claim 2863, further comprising a center conduit disposed within 
the conduit, wherein the centey conduit is configured to provide the oxidizing fluid into 
the opening during use. 



2864. The system of claim 
from the opening a width of 



853, wherein the portion of the formation extends radially 
ess than approximately 0.2 m. 



\ 
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2865. The system of claim 2853, further comprising a conductor disposed in a second 
conduit, wherein the second conduit is disposed within the opening, and wherein the 
conductor is configured to heat at least a portion of the formation during application of an 
electrical current to the conductor. / 

5 / 

2866. The system of claim 2853, further comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configured to heat at least a 
portion of the formation during application of an electrical current to the insulated 
conductor. / 

10 / 

2867. The system of claim 2853, further comprising least one elongated member 

□ 7 

s f| disposed within the opening, wherein the at least throne elongated member is configured 
l f a to heat at least a portion of the formation during application of an electrical current to the 

H at least the one elongated member. / 

Ul / 

^ 2868. The system of claim 2853, further composing a heat exchanger disposed external 

O to the formation, wherein the heat exchanger is /configured to heat the oxidizing fluid, 

/ 

m wherein the conduit is further configured to provide the heated oxidizing fluid into the 

ihf I 

! ?' opening during use, and wherein the heated oxidizing fluid is configured to heat at least a 
Q / 

£9 portion of the formation during use. / 

2869. The system of claim 2853, further Comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

25 

2870. The system of claim 2853, furt] 
the opening, wherein the overburden c 
formation, and wherein the overburder 



/er comprising an overburden casing coupled to 
sing is disposed in an overburden of the 
l casing comprises steel. 
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2871 . The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



2872. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junctj^n of the overburden 
casing and the opening. 



2873. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a jiihction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden basing during use. 

2874. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material/ comprises cement. 

2875. The system of claim 2853, wherein the s>4tem is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



2876. A system configurable to heat a hydrocarbon containing formation, comprising: 
a heater configurable to be disposed in an opening in the formation, wherein the 
heater is further configurable to provide heat tp at least a portion of the formation during 
use; 

a conduit configurable to be disposedjin the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in the formation during use, w lerein the system is configurable to allow the 
oxidizing fluid to oxidize at least some hydr )carbons at the reaction zone during use such 



\ 
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that heat is generated at the reaction zone, and wherein the conduit is further configurable 
to remove an oxidation product from the formation during use; and 

wherein the system is further configurable to allow heat to transfer substantially 



2877. The system of claim 2876, wherein the oxidizing fljaid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. / 

2878. The system of claim 2876, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing/fluid into the opening. 

2879. The system of claim 2876, wherein the coi/duit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

2880. The system of claim 2876, wherein Xht conduit is further configurable to be 
cooled with the oxidizing fluid such that the /conduit is not substantially heated by 
oxidation. / 

2881 . The system of claim 2876, wherei/i the conduit is further configurable such that 
the oxidation product transfers heat to the oxidizing fluid. 

2882. The system of claim 2876, wherein a flow rate of the oxidizing fluid in the 
conduit is approximately equal to a flow rate of the oxidation product in the conduit. 

2883. The system of claim 2876, wherein a pressure of the oxidizing fluid in the conduit 
and a pressure of the oxidation product in the conduit are controlled to reduce 
contamination of the oxidation product by the oxidizing fluid. 



by conduction from the reaction zone to a pyrolysis zone during use. 
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2884. The system of claim 2876, wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



2885. The system of claim 2876, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction' zone. 



2886. The system of claim 2876, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use. / 

2887. The system of claim 2876, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2888. The system of claim 2876, further composing a conductor disposed in a second 
conduit, wherein the second conduit is disposer within the opening, and wherein the 
conductor is configurable to heat at least a portion of the formation during application of 
an electrical current to the conductor. / 

2889. The system of claim 2876, further/comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configurable to heat at least a 
portion of the formation during application of an electrical current to the insulated 
conductor. / 

2890. The system of claim 2876, ffirther comprising at least one elongated member 
disposed within the opening, wherein the at least the one elongated member is 
configurable to heat at least a portion of the formation during application of an electrical 
current to the at least the one elongated member. 

2891 . The system of claim 28176, further comprising a heat exchanger disposed external 
to the formation, wherein the Heat exchanger is configurable to heat the oxidizing fluid, 
wherein the conduit is further/configurable to provide the heated oxidizing fluid into the 
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opening during use, and wherein the heated oxidizing fluid is configurable to heat at least 
a portion of the formation during use. 

2892. The system of claim 2876, further comprising an overburden casing coupled to 

/ 

the opening, wherein the overburden casing is disposed irfan overburden of the 
formation. / 

2893. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2894. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2895. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

2896. The system of claim 2876/ further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and whereiiythe packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

2897. The system of clauh 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 
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2898. The system of claim 2876, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



2899. An in situ method for heating a hydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperature suff/cient to support reaction of 
hydrocarbons within the portion of the formation with' an oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in the formation; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing gas to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat in the reaction zone; 

removing at least a portion of an oxidation product through the opening; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

2900. The method of claim 2899, furtl^r comprising transporting the oxidizing fluid 
through the reaction zone by diffusion^ 

2901 . The method of claim 2899, Slither comprising directing at least a portion of the 
oxidizing fluid into the opening thrtmgh orifices of a conduit disposed in the opening. 

2902. The method of claim 289P, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices <pf a conduit disposed in the opening such that a rate of 
oxidation is controlled. 

2903. The method of claim £899, further comprising increasing a flow of the oxidizing 
fluid in the opening to accorfimodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially maintained within the reaction zone. 



2904. The method 
method further comprising 
conduit is not substantial! 



of claifn 2899, wherein a conduit is disposed in the opening, the 
cooling the conduit with the oxidizing fluid such that the 
heated by oxidation. 



V 
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2905. The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit. 

/ 

2906. The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
method further comprising transferring substantial heat from the oxidation product in the 
conduit to the oxidizing fluid in the conduit. / 

2907. The method of claim 2899, wherein a conduit is disposed within the opening, 
wherein removing at least the portion of/the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, and 
wherein a flow rate of the oxidizing fluid in the conduit is approximately equal to a flow 
rate of the oxidation product in the oonduit. 

2908. The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
method further comprising controlling a pressure between the oxidizing fluid and the 
oxidation product in the conduit to reduce contamination of the oxidation product by the 
oxidizing fluid. / 

2909. The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
method further comprising substantially inhibiting the oxidation product from flowing 
into portions of the formation beyond the reaction zone. 
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2910. The method of claim 2899, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

/ 

291 1. The method of claim 2899, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing at least a portion of the oxidation product tfirough the outer conduit. 

2912. The method of claim 2899, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2913. The method of claim 2899, wherein hfeating the portion comprises applying 
electrical current to a conductor disposed in/a conduit, wherein the conduit is disposed 
within the opening. / 

2914. The method of claim 2899, whe/ein heating the portion comprises applying 
electrical current to an insulated conductor disposed within the opening. 

(herein heating the portion comprises applying 
igated member disposed within the opening. 

2916. The method of claim 289k wherein heating the portion comprises heating the 
oxidizing fluid in a heat exchanger disposed external to the formation such that providing 
the oxidizing fluid into the opdhing comprises transferring heat from the heated oxidizing 
fluid to the portion. / 

2917. The method of claiitf 2899, further comprising removing water from the formation 
prior to heating the portion/ 

29 1 8 . The method of clafim 2899, further comprising controlling the temperature of the 
formation to substantial^ inhibit production of oxides of nitrogen during oxidation. 



291 5. The method of claim 2899, 
electrical current to at least one ek 
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2919. The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

/ 

2920. The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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292 1 . The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2922. The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein a packing matejftal is disposed at a junction of the overburden 
casing and the opening. 

2923. The method of claim 289^, wherein the pyrolysis zone is substantially adjacent to 
the reaction. 

2924. A system configured xb heat a hydrocarbon containing formation, comprising: 
an electric heater disposed in an opening in the formation, wherein the electric 

heater is configured to prowde heat to at least a portion of the formation during use; 
an oxidizing fluid source; 

a conduit disposer in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 
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2925. The system of claim 2924, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



2926. The system of claim 2924, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 



2927. The system of claim 2924, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

2928. The system of claim 2924, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that pe conduit is not substantially heated by oxidation. 

2929. The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product. 

2930. The system of claimi>924, wherein the conduit is further configured to remove an 
oxidation product, such thai the oxidation product transfers heat to the oxidizing fluid. 

293 1 . The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to /a flow rate of the oxidation product in the conduit. 

2932. The system of^claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 
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2933. The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

2934. The system of claim 2924, wherein the oxidising fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2935. The system of claim 2924, further comt/rising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and wherein the conduit is further configured to remove an 
oxidation product during use. / 

2936. The system of claim 2924, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2937. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

2938. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the oyerburden casing comprises steel. 

2939. The system of clain 
the opening, wherein the o 
formation, and wherein the 



/2924, further comprising an overburden casing coupled to 
tarburden casing is disposed in an overburden of the 
overburden casing is further disposed in cement. 



2940. The system of cla 
the opening, wherein a 
casing and the opening 



m 2924, further comprising an overburden casing coupled to 
picking material is disposed at a junction of the overburden 
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2941 . The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



2942. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing m/terial comprises cement. 

2943. The system of claim 2924, wherdn the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2944. A system configurable to heAt a hydrocarbon containing formation, comprising: 
an electric heater configurable to be disposed in an opening in the formation, 

wherein the electric heater is furtner configurable to provide heat to at least a portion of 
the formation during use, and wherein at least the portion is located substantially adjacent 
to the opening; / 

a conduit configurable? to be disposed in the opening, wherein the conduit is 
further configurable to prov/de an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in the format/on during use, and wherein the system is configurable to 
allow the oxidizing fluid \b oxidize at least some hydrocarbons at the reaction zone 
during use such that heatfis generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the/reaction zone to a pyrolysis zone of the formation during use. 

2945. The system of jblairn 2944, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zdne such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



/ 
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2946. The system of claim 2944, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

2947. The system of claim 2944, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to dfmtrol a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

2948. The system of claim 2944, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduif is not substantially heated by 
oxidation. / 

2949. The system of claim 2944, wherein the/conduit is further configurable to remove 
an oxidation product. / 

2950. The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 

295 1 . The system of claim 2944, wMerein the conduit is further configurable to remove 
an oxidation product, and wherein af flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate/of the oxidation product in the conduit. 

2952. The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product, and whetibin a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the Oxidizing fluid. 

2953. The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product, andAvherein the oxidation product is substantially inhibited from 
flowing into portions of me formation beyond the reaction zone. 
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2954. The system of claim 2944, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2955. The system of claim 2944, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product during use. / / 

2956. The system of claim 2944, wherein the'portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2957. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

2958. The system of claim 2944/further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2959. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2960. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein a/packing material is disposed at a junction of the overburden 
casing and the opening. 

2961. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 



699 



Conley, Rose & Tayon, P.C. 



and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

2962. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material composes cement. 

2963. The system of claim 2944, wherein the systejn is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2964. A system configured to heat a hydrocarbon containing formation, comprising: 

a conductor disposed in a first condtnt, wherein the first conduit is disposed in an 
opening in the formation, and wherein thyconductor is configured to provide heat to at 
least a portion of the formation during i*se; 

an oxidizing fluid source; / 

a second conduit disposed irr the opening, wherein the second conduit is 
configured to provide an oxidizing/ fluid from the oxidizing fluid source to a reaction 
zone in the formation during use( and wherein the oxidizing fluid is selected to oxidize at 
least some hydrocarbons at the^eaction zone during use such that heat is generated at the 
reaction zone; and / 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2965. The system of clafim 2964, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

2966. The system 
wherein the orifice: 



* claim 2964, wherein the second conduit comprises orifices, and 
fare configured to provide the oxidizing fluid into the opening. 
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2967. The system of claim 2964, wherein the second conduit comprises critical flow 
orifices, and wherein the critical flow orifices are configured to control a flow of the 
oxidizing fluid such that a rate of oxidation in the formation is controlled. 

/ 

2968. The system of claim 2964, wherein the second conduit is further configured to be 
cooled with the oxidizing fluid to reduce heating of the second conduit by oxidation. 

2969. The system of claim 2964, wherein the second/conduit is further configured to 
remove an oxidation product. / 

2970. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product such that the oxicaation product transfers heat to the 
oxidizing fluid. / 

297 1 . The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit 
is approximately equal to a flow rate of ihe oxidation product in the second conduit. 

2972. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product, and wherein a pressure of the oxidizing fluid in the second 
conduit and a pressure of the oxidation product in the second conduit are controlled to 
reduce contamination of the oxidation product by the oxidizing fluid. 

2973. The system of claim 2964Jwherein the second conduit is further configured to 
remove an oxidation product, and wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2974. The system of claim 29Q4, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of tne formation beyond the reaction zone. 
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2975. The system of claim 2964, further comprising a center conduit disposed within 
the second conduit, wherein the center conduit is configured to provide the oxidizing 
fluid into the opening during use, and wherein the second conduit is further configured to 
remove an oxidation product during use. 



2976. The system of claim 2964, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



2977. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

2978. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casingfis disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2979. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden cising is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2980. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

2981 . The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packmjtf material is disposed at a junction of the overburden casing 
and the opening, and whereim the packing material is configured to substantially inhibit a 
flow of fluid between the onening and the overburden casing during use. 



\ 
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2982. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2983. The system of claim 2964, wherein the system isyfurther configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2984. A system configurable to heat a hydrocarbcm containing formation, comprising: 
a conductor configurable to be disposed in a first conduit, wherein the first 

conduit is configurable to be disposed in an opening in the formation, and wherein the 
conductor is further configurable to provide Meat to at least a portion of the formation 
during use; / 

a second conduit configurable to be disposed in the opening, wherein the second 
conduit is further configurable to provide an oxidizing fluid from an oxidizing fluid 
source to a reaction zone in the formation during use, and wherein the system is 
configurable to allow the oxidizing Mid to oxidize at least some hydrocarbons at the 
reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2985. The system of claim 298A, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such mat the oxidizing fluid is transported through the reaction 
zone substantially by diffusion/ 

2986. The system of claim 2984, wherein the second conduit comprises orifices, and 
wherein the orifices are configurable to provide the oxidizing fluid into the opening. 

2987. The system of claim 2984, wherein the second conduit comprises critical flow 
orifices, and wherein the critical flow orifices are configurable to control a flow of the 
oxidizing fluid such that a rate of oxidation in the formation is controlled. 
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2988. The system of claim 2984, wherein the second conduit is further configurable to 
be cooled with the oxidizing fluid to reduce heating of the second conduit by oxidation. 



2989. The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product. 

2990. The system of claim 2984, wherein the second/conduit is further configurable to 
remove an oxidation product such that the oxidatioiyproduct transfers heat to the 
oxidizing fluid. 



2991 . The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product, and wherein a f/ow rate of the oxidizing fluid in the conduit 
is approximately equal to a flow rate of the oxidation product in the second conduit. 



2992. The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product, and wherein a pressure of the oxidizing fluid in the second 
conduit and a pressure of the oxidation^roduct in the second conduit are controlled to 
reduce contamination of the oxidation^product by the oxidizing fluid. 



2993. The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product, and wherein the oxidation product is substantially inhibited 
from flowing into portions of theyformation beyond the reaction zone. 



2994. The system of claim 2984, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



2995. The system of claim 2984, further comprising a center conduit disposed within 
the second conduit, wherein/center conduit is configurable to provide the oxidizing fluid 
into the opening during use| and wherein the second conduit is further configurable to 
remove an oxidation product during use. 
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2996. The system of claim 2984, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 rii. 

2997. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

2998. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2999. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing/is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3000. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3001. The system of claim 2984 /further comprising an overburden casing coupled to 
the opening, wherein the overbumen casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein me packing material is configurable to substantially inhibit 
a flow of fluid between the obening and the overburden casing during use. 

3002. The system of claimfi984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and whenein the packing material comprises cement. 
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3003. The system of claim 2984, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



3004. An in situ method for heating a hydrocarbon containing formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to a conductor disposed in a first conduit 
to provide heat to the portion, and wherein the first conduit is disposed within the 
opening; / 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 



3005. The method of claim 3004, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. j 

3006. The method of claim 3004, further comprising directing at least a portion of the 

/ 

oxidizing fluid into the opening through orifices of a second conduit disposed in the 
opening. 



3007. The method of claim 3004, further comprising controlling a flow of the oxidizing 

fluid with critical flow orifices of a second conduit disposed in the opening such that a 

i 

rate of oxidation is controlled. / 



3008. The method of claim 3004, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 
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3009. The method of claim 3004, wherein a second conduit is disposed in the opening, 
the method further comprising cooling the second conduit with the oxidizing fluid to 
reduce heating of the second conduit by oxidation. 



3010. The method of claim 3004, wherein a second conduit /is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit. 



3011. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit and transferring heat from the oxidation product in 
the conduit to the oxidizing fluid in the second conduit. 

3012. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit, wherein a flow rate of the oxidizing fluid in the 
second conduit is approximately equal to a flow rate of the oxidation product in the 
second conduit. 



3013. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising/removing an oxidation product from the 
formation through the second conduit and controlling a pressure between the oxidizing 
fluid and the oxidation product in the /second conduit to reduce contamination of the 
oxidation product by the oxidizing fluid. 



3014. The method of claim 3004,/wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the conduit and substantially inhibiting the oxidation product from 
flowing into portions of the formation beyond the reaction zone. 
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3015. The method of claim 3004, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3016. The method of claim 3004, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer xonduit. 

3017. The method of claim 3004, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3018. The method of claim 3004, further comprising removing water from the formation 
prior to heating the portion. / 

3019. The method of claim 3004, ffirther comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 

3020. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

3021. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein theyoverburden casing is disposed in an overburden of the 
formation, and wherein ihe overburden casing comprises steel. 

3022. The method off claim 3004, further comprising coupling an overburden casing to 
the opening, wherein/the overburden casing is disposed in an overburden of the 
formation, and whecein the overburden casing is further disposed in cement. 



\ 
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3023. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3024. A system configured to heat a hydrocarbon ^containing formation, comprising: 
an insulated conductor disposed in an ppeping in the formation, wherein the 

insulated conductor is configured to provide heart to at least a portion of the formation 
during use; / 
an oxidizing fluid source; / 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid isielected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zonp to a pyrolysis zone of the formation during use. 

3025. The system of claim 3024, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone suchf that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

3026. The system of claim 3024, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

3027. The system of/claim 3024, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate/of oxidation in the formation is controlled. 

3028. The system/of claim 3024, wherein the conduit is configured to be cooled with the 
oxidizing fluid such that the conduit is not substantially heated by oxidation. 
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3029. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product. 



3030. The system of claim 3024, wherein the conduit is fisher configured to remove an 
oxidation product, and wherein the conduit is further configured such that the oxidation 
product transfers substantial heat to the oxidizing fluid. 



303 1 . The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the cfxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 



3032. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the second conduit and 
a pressure of the oxidation product in thexonduit are controlled to reduce contamination 
of the oxidation product by the oxidizing fluid. 



3033. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 



3034. The system of claim 1024, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



3035. The system of claim 3024, further comprising a center conduit disposed within 
the conduit, wherein the/center conduit is configured to provide the oxidizing fluid into 
the opening during usejand wherein the conduit is further configured to remove an 
oxidation product during use. 

3036. The system oi claim 3024, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 
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3037. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

/ 

3038. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed iir an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3039. The system.of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing \l further disposed in cement. 

3040. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein a packing material \f disposed at a junction of the overburden 
casing and the opening. 

3041. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

3042. The system of claim B024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a pacMng material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3043. The system of claim 3024, wherein the system is further configured such that 
transferred heat can pwolyze at least some hydrocarbons in the pyrolysis zone. 

3044. A system configurable to heat a hydrocarbon containing formation, comprising: 
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an insulated conductor configurable to be disposed in an opening in the formation, 
wherein the insulated conductor is further configurable to provide heat to at least a 
portion of the formation during use; 

a conduit configurable to be disposed in the openirig, wherein the conduit is 



further configurable to provide an oxidizing fluid from ^n oxidizing fluid source to a 
reaction zone in the formation during use, and whereiqthe system is configurable to 
allow the oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone 
during use such that heat is generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrc/lysis zone of the formation during use. 
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3045. The system of claim 3044, wherein/the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the o^izing fluid is transported through the reaction 
zone substantially by diffusion. 

3046. The system of claim 3044, ^herein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

3047. The system of claim 3044, wherein the conduit comprises critical flow orifices, 
and wherein the critical flovyorifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



25 



3048. The system of claim 3044, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. 



3049. The system off claim 3044, wherein the conduit is further configurable to remove 
an oxidation product. 



30 3050. The system 



of claim 3044, wherein the conduit is further configurable to remove 



an oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 
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305 1 . The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

/ 

3052. The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

3053. The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 



3054. The system of claim 3044, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation^beyond the reaction zone. 



3055. The system of claim 3044, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product during use. 



3056. The system of claim 304y wherein the portion of the formation extends radially 
from the opening a width of less/than approximately 0.2 m. 



3057. The system of claim 3(j44, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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3058. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel, 

/ 

3059. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed m an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3060. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3061 . The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material indisposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

3062. The system of claim 3044, Anther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the . 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein tjie packing material comprises cement. 

3063. The system of claim 
transferred heat can pyrolyzi 

3064. An in situ method fir heating a hydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises applyir g an electrical current to an insulated conductor to provide heat 
to the portion, and wherein the insulated conductor is disposed within the opening; 



4, wherein the system is further configurable such that 
at least some hydrocarbons in the pyrolysis zone. 
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providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. / 

3065. The method of claim 3064, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. / 

3066. The method of claim 3064, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices oik conduit disposed in the opening. 

3067. The method of claim 3064, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. / 

3068. The method of claim 3064, further/comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3069. The method of claim 3064, wherein a conduit is disposed in the opening, the 
method further comprising cooling me conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. / 

3070. The method of claim 306ft, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. / 

3071 . The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
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the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 

3072. The method of claim 3064, wherein a conduit is disused within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

3073. The method of claim 3064, wherein a cemduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. / 

3074. The method of claim 3064/wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the/eaction zone. 

3075. The method of claim 3064, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3076. The methodybf claim 3064, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

3077. The method of claim 3064, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 
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3078. The method of claim 3064, further comprising removing water from the formation 
prior to heating the portion. 



3079. The method of claim 3064, further comprising controlling the temperature of the 

formation to substantially inhibit production of oxides of nitrogen during oxidation. 

/ 

3080. The method of claim 3064, further comprising/Coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



3081. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3082. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3083. The method of claim 3064,/Further comprising coupling an overburden casing to 
the opening, wherein a packing njaterial is disposed at a junction of the overburden 
casing and the opening. 

3084. The method of claim ^)64, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 



3085. An in situ method f6r heating a hydrocarbon containing formation, comprising: 
heating a portion oi the formation to a temperature sufficient to support reaction 
of hydrocarbons within thi portion of the formation with an oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in the formation, wherein heating 
comprises applying an electrical current to an insulated conductor to provide heat to the 
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portion, wherein the insulated conductor is coupled to a conduit, wherein the conduit 
comprises critical flow orifices, and wherein the conduit is disposed within the opening; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by condition from the reaction zone 
to a pyrolysis zone in the formation. 

3086. The method of claim 3085, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

3087. The method of claim 3085, further comprising controlling a flow of the oxidizing 
fluid with the critical flow orifices such that a rate of oxidation is controlled. 

3088. The method of claim 3085, further composing increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3089. The method of claim 3085, further comprising cooling the conduit with the 
oxidizing fluid to reduce heating of the conauit by oxidation. 

3090. The method of claim 3085, further/comprising removing an oxidation product 
from the formation through the conduit. 



3091. The method of claim 3085, furtl 



from the formation through the conduit 
in the conduit to the oxidizing fluid in 



and transferring heat from the oxidation product 
le conduit. 



3092. The method of claim 3085, 
from the formation through the condujt 
conduit is approximately equal to a 



flew 



:r comprising removing an oxidation product 



further comprising removing an oxidation product 
wherein a flow rate of the oxidizing fluid in the 
rate of the oxidation product in the conduit. 



\ 
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3093. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit and controlling a pressure betweer} the oxidizing 
fluid and the oxidation product in the conduit to reduce contamination oftiie oxidation 
product by the oxidizing fluid. 

3094. The method of claim 3085, further comprising removing an^oxidation product 
from the formation through the conduit and substantially inhibiting the oxidation product 
from flowing into portions of the formation beyond the reaction zone. 



C) 3095. The method of claim 3085, further comprising substantially inhibiting the 
§\ oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 



y 3096. The method of claim 3085, wherein a center conduit is disposed within the 

q / 

jlj5 conduit, the method further comprising providing the oxidizing fluid into the opening 

!L._ through the center conduit and removing an oxidationproduct through the conduit. 

W / 

* 7 

111 / 

*il 3097. The method of claim 3085, wherein the portion of the formation extends radially 

T / 

t- from the opening a width of less than approximately 0.2 m. 

20 I 

3098. The method of claim 3085, further comprising removing water from the formation 

prior to heating the portion. 



3099. The method of claim 3085, further comprising controlling the temperature of the 
25 formation to substantially inhibit production of oxides of nitrogen during oxidation. 



3 100. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 



formation. 
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3101. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3 1 02. The method of claim 3085, further comprising coupling aji overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3103. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3 104. The method of claim 3085, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. / 

3 105. A system configured to heat a hydrocarbon containing formation, comprising: 

at least one elongated member disposed in an opening in the formation, wherein at 
least the one elongated member is configured to provide heat to at least a portion of the 
formation during use; / 

an oxidizing fluid source; / 

a conduit disposed in the opening, whereiii the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source td a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system is configured to allbw heat to transfer substantially by 
conduction from the reaction zone to a pyrolysas zone of the formation during use. 

3 106. The system of claim 3 1 05, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 




\ 
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3 1 07. The system of claim 3105, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

3 108. The system of claim 3 105, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control ayftow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled 



10 



Q 

m 

hi 
nil: 



3 1 09. The system of claim 3105, wherein the conduit is fuyther configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 

3110. The system of claim 3 105, wherein the conduit ip further configured to remove an 
oxidation product. 

3111. The system of claim 3105, wherein the conduit is fiirther configured to remove an 
oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 



41 

ni 



20 



25 



3112. The system of claim 3105, wherein the cobduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidatfion product in the conduit. 



th< 



3113. The system of claim 3105, wherein 
oxidation product, and wherein a pressure o 
pressure of the oxidation product in the cone 
the oxidation product by the oxidizing fluid 



3114. The system of claim 3 1 05, wherein 
oxidation product, and wherein the oxidatioji 
flowing into portions of the formation beyi 



30 3115. The system of claim 3 1 05, wherein i he oxidizing fluid is substantially inhibited 



from flowing into portions of the formation 



conduit is further configured to remove an 
he oxidizing fluid in the conduit and a 
lit are controlled to reduce contamination of 



ond 



conduit is further configured to remove an 
product is substantially inhibited from 
the reaction zone. 



Deyond the reaction zone. 



\ 
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3116. The system of claim 3 105, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to prbvide the oxidizing fluid into 
the opening during use, and wherein the conduit is further configured to remove an 
oxidation product during use. 

3117. The system of claim 3105, wherein the portfon of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3118. The system of claim 3105, further comt/rising an overburden casing coupled to 
the opening, wherein the overburden casing if disposed in an overburden of the 
formation. 

3119. The system of claim 3105, furthe/ comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3 1 20. The system of claim 3 1 05, farther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3121. The system of claim 3 105, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3 122. The system of claim/3105, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherfein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



\ 
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3123. The system of claim 3105, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 



3 1 24. The system of claim 3 1 05, wherein the system is / further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

3125. A system configurable to heat a hydrocarbon containing formation, comprising: 
at least one elongated member configurable to be disposed in an opening in the 

formation, wherein at least the one elongated member is further configurable to provide 
heat to at least a portion of the formation during use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid from the oxidizing fluid source to a 
reaction zone in the formation during use, and wherein the system is configurable to 
allow the oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone 
during use such that heat is generatecyat the reaction zone; and. 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 

3 126. The system of claim 3 1 lL wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

3 127. The system of clainy3 125, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

3128. The system of claim 3125, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



and the opening, and wherein the packing material comprises^ement. 
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3 129. The system of claim 3125, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. \ 



\ 



3 1 30. The system of claim 3125, wherein the conduit is further configurable to remove 
an oxidation product. ^ 

3131. The system of claim 3125, whereinrthe conduit is further configurable to remove 
an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 

/ 

3 132. The system of claim 3 125, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate' of the oxidation product in the conduit. 



3133. The system of claim 3 125, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

■ / 

3 134. The system of claim 3 125, wherein the conduit is further configurable to remove 

i 

an oxidation product, and wherein the oxidation product is substantially inhibited from 

/ 

flowing into portions of the formation beyond the reaction zone. 



3 135. The system of claim 3 125, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



3136. The system of claim 3125, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product during use. 



\ 
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3 137. The system of claim 3 125, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3 138. The system of claim 3 125, further comprising an'overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, / 

3 139. The system of claim 3125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3 140. The system of claim 3125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casings disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3141. The system of claim 3 125, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3 142. The system of claim 3 1 25, farther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

3 143. The system of claim 3 ¥25, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packingimaterial is disposed at a junction of the overburden casing 
and the opening, and whereiri the packing material comprises cement. 
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3 144. The system of claim 3 125, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



3 145. An in situ method for heating a hydrocarbon containing formation, comprising: 



j . 



heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to at least one elongated member to 
provide heat to the portion, and wherein at least the one el<jngated member is disposed 
within the opening; 

providing the oxidizing fluid to a reaction zone id the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone^and 

transferring the generated heat substantially bp conduction from the reaction zone 
to a pyrolysis zone in the formation. 



3 146. The method of claim 3 145, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

3 147. The method of claim 3 145, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifides of a conduit disposed in the opening. 



3 1 48. The method of claim 3 1 45, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 



3149. The method of claim 3145, further 
fluid in the opening to accommodate an 
that a rate of oxidation is substantially 



c omprising increasing a flow of the oxidizing 
incfrease in a volume of the reaction zone such 
constant over time within the reaction zone. 
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3 1 50. The method of claim 3 145, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. j 

i 

3151. The method of claim 3 145, wherein a conduit is disposed^within the opening, the 
method further comprising removing an oxidation product from ; the formation through 
the conduit. 



3152. The method of claim 3145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product' in the conduit to the 
oxidizing fluid in the conduit. 



3 153. The method of claim 3 145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 



3154. The method of claim 3145, wherein a conduit yis disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. 



3155. The method of claim 3145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation' product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. 



3 1 56. The method of claim 3 145, further compri 
oxidizing fluid from flowing into portions of the 



sing substantially inhibiting the 
brmation beyond the reaction zone. 
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3157. The method of claim 3 145, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 

5 removing an oxidation product through the outer conduit. ; 

3158. The method of claim 3 145, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. / 

10 3 159. The method of claim 3145, further comprising removing water from the formation 
prior to heating the portion. / 

*<M / 

Fj[? / 

i; 3 160. The method of claim 3 145, further comprising controlling the temperature of the 

3 : / 

!*! formation to substantially inhibit production of oxides of nitrogen during oxidation. 

Pi 5 

]~' f 3161. The method of claim 3145, further comprising 

p the opening, wherein the overburden casing is disposey 

||| formation. / 

S=3S / 
P / 

^20 3 1 62. The method of claim 3 145, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3 1 63. The method of claim 3145, further comprising coupling an overburden casing to 
25 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing/is further disposed in cement. 

3 1 64. The method of claim 3145, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 

30 casing and the opening. / 



>upling an overburden casing to 
in an overburden of the 
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3 1 65. The method of claim 3145, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 



3 1 66. A system configured to heat a hydrocarbon containing formation, comprising: 

I ? 

a heat exchanger disposed external to the formation, wherein the heat exchanger 

/ 

is configured to heat an oxidizing fluid during use; / 

a conduit disposed in the opening, wherein the conduit is configured to provide 
the heated oxidizing fluid from the heat exchanger to/at least a portion of the formation 
during use, wherein the system is configured to allow heat to transfer from the heated 

oxidizing fluid to at least the portion of the formation during use, and wherein the 

/ 

oxidizing fluid is selected to oxidize at least some hydrocarbons at a reaction zone in the 

formation during use such that heat is generated at the reaction zone; and 

/ 

wherein the system is configured to aUow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 

3 1 67. The system of claim 3166, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



3 168. The system of claim 3 166, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 



/ 



3 169. The system of claim 3 166, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow ori(ices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



3 1 70. The system of claim Jl 66, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such/that the conduit is not substantially heated by oxidation. 

I 

3171. The system of claim j3 1 66, wherein the conduit is further configured to remove an 
oxidation product. j 
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3 1 72. The system of claim 3 1 66, wherein the conduit is further configured to remove an 
oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 



3 1 73. The system of claim 3 1 66, wherein the conduit isfurther configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 



3 1 74. The system of claim 3 1 66, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conauit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluj/ 



3175. The system of claim 3 1 66, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 



3176. The system of claim 3166, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of tile formation beyond the reaction zone. 

3 1 77. The system of claim 5 1 66, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and wherein the conduit is further configured to remove an 
oxidation product during ijtee. 

3 1 78. The system of claim 3 1 66, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



3179. The system of c 
the opening, wherein 
formation. 



ths 



aim 3166, further comprising an overburden casing coupled to 
overburden casing is disposed in an overburden of the 
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3180. The system of claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3181. The system of claim 3 1 66, further comprising An overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3 1 82. The system of claim 3 1 66, further coiriprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3183. The system of claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein the overburden/casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

3 1 84. The system of claim 3A 66, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packirig material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3185. A system configurable to heat a hydrocarbon containing formation, comprising: 
a heat exchanger configurable to be disposed external to the formation, wherein 
the heat exchanger is fiiixher configurable to heat an oxidizing fluid during use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide the heated oxidizing fluid from the heat exchanger to at 
least a portion of the fo -mation during use, wherein the system is configurable to allow 
heat to transfer from thi heated oxidizing fluid to at least the portion of the formation 
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during use, and wherein the system is further configurable to allow the oxidizing fluid to 
oxidize at least some hydrocarbons at a reaction zone in the formation during use such 
that heat is generated at the reaction zone; and / 

wherein the system is further configurable to alloW heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 



3186. The system of claim 3185, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 



zone substantially by diffusion. 



3 187. The system of claim 3 185, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

3 1 88. The system of claim 3185, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



i 



3 1 89. The system of claim 3185, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid/such that the conduit is not substantially heated by 
oxidation. 



3 190. The system of claim'3 1 85, wherein the conduit is further configurable to remove 
an oxidation product. 



3191. The system of claim 3 1 85, wherein the conduit is further configurable to remove 
an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 



3 192. The system of claim 3185, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 
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3 1 93. The system of claim 3185, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. / 

/ 

3194. The system of claim 3185, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond tWe reaction zone. 

3 1 95 . The system of claim 3185, wherein ttte oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3 1 96. The system of claim 3185, furthofr comprising a center conduit disposed within 
the conduit, wherein center conduit is Configurable to provide the oxidizing fluid into the 
opening during use, and wherein the second conduit is further configurable to remove an 
oxidation product during use. 

3 1 97. The system of claim 3 1 85, Avherein the portion of the formation extends radially 
from the opening a width of less pan approximately 0.2 m. 

3 1 98. The system of claim 3185, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3 199. The system of claim j 1 85, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the Jo verburden casing comprises steel. 



3200. The system of claiiii 3185, further comprising an overburden casing coupled to 
the opening, wherein the c verburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



v 
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3201 . The system of claim 3 1 85, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. j 

3202. The system of claim 3185, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

3203 . The system of claim 3185, further comprising an overburden casing coupled to 
the opening, wherein the overburden Rasing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3204. An in situ method for heating a hydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises: 

heating the oxidizing fluid with a heat exchanger, wherein the heat exchanger is 
disposed external to the formation; 

providing the heated oxidizing fluid from the heat exchanger to the portion of the 
formation; and 

allowing heat/o transfer from the heated oxidizing fluid to the portion of the 
formation; 

providing th£ oxidizing fluid to a reaction zone in the formation; 
allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zorje in the formation. 



\ 
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3205. The method of claim 3204, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

3206. The method of claim 3204, further comprising directing4t least a portion of the 
oxidizing fluid into the opening through orifices of a conduitydisposed in the opening. 

3207. The method of claim 3204, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. / 

3208. The method of claim 3204, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase m a volume of the reaction zone such 
that a rate of oxidation is substantially constantyover time within the reaction zone. 

3209. The method of claim 3204, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. / 

3210. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing/an oxidation product from the formation through 
the conduit. / 

3211. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduiy 

3212. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
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the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

3213. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation production! the formation through 
the conduit and controlling a pressure between the oxidfeing fluid and the oxidation 
product in the conduit to reduce contamination of the/oxidation product by the oxidizing 
fluid. / 

3214. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the/oxidation product from flowing into portions 
of the formation beyond the reaction zonp. 

3215. The method of claim 3204, funher comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3216. The method of claim 3204, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

321 7. The method of cla/m 3204, wherein the portion of the formation extends radially 
from the opening a widtn of less than approximately 0.2 m. 

321 8. The method of /claim 3204, further comprising removing water from the formation 
prior to heating the portion. 

3219. The method/of claim 3204, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 
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3220. The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3221 . The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing composes steel. 

3222. The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3223. The method of claim 3204, furthe/ comprising coupling an overburden casing to 
the opening, wherein a packing material/is disposed at a junction of the overburden 
casing and the opening. / 

3224. The method of claim 3204, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. / 

3225. An in situ method for heating a hydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises: / 

oxidizing a fuel gas/ in a heater, wherein the heater is disposed external to the 
formation; / 

providing the oxinized fuel gas from the heater to the portion of the formation; 
and / 

allowing heat to transfer from the oxidized fuel gas to the portion of the 
formation; / 

providing the oxidizing fluid to a reaction zone in the formation; 
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allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

3226. The method of claim 3225, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. / 

3227. The method of claim 3225, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifice/ of a conduit disposed in the opening. 

3228. The method of claim 3225, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduw disposed in the opening such that a rate of 
oxidation is controlled. / 

3229. The method of claim 3225, fiifther comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3230. The method of claim 3225, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. / 

323 1 . The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. / 

3232. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the /conduit. 
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3233. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. / 



3234. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product/from the formation through 
the conduit and controlling a pressure between the oxidising fluid and the oxidation 
product in the conduit to reduce contamination of the ^xidation product by the oxidizing 
fluid. 



3235. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. 



3236. The method of claim 3225, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 



3237. The method of claim 3225, ^herein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 



3238. The method of claim 3225, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



3239. The method of claim 3225, further comprising removing water from the formation 
prior to heating the portion/ 
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3240. The method of claim 3225, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 



3241 . The method of claim 3225, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. ' 



3242. The method of claim 3225, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing (Comprises steel. 

3243. The method of claim 3225, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3244. The method of claim 3225, furtner comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3245. The method of claim 3225, ^herein the pyrolysis zone is substantially adjacent to 
the reaction zone. 

3246. A system configured to heat a hydrocarbon containing formation, comprising: 
an insulated conductor disposed within an open wellbore in the formation, 

wherein the insulated conductor/is configured to provide radiant heat to at least a portion 
of the formation during use; and 

wherein the system is configured to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 



\ 
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3247. The system of claim 3246, wherein the insulated conductor is further configured 
to generate heat during application of an electrical current to the insulated conductor 
during use. 

3248. The system of claim 3246, further comprising a support member, wherein the 
support member is configured to support the insulated conductor^/ 7 

3249. The system of claim 3246, further comprising a support member and a centralizer, 
wherein the support member is configured to support themsulated conductor, and 
wherein the centralizer is configured to maintain a location of the insulated conductor on 
the support member. 

3250. The system of claim 3246, wherein the open wellbore comprises a diameter of at 
least approximately 5 cm. 

325 1 . The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configured to generate substantially no heat. 

3252. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubber insulated 
conductor. 

/ 

3253. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 

3254. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 
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3255. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 



3256. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath. / 

3257. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material/and wherein the conductor comprises a 
copper-nickel alloy. / 

3258. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % nickel by 
weight to approximately 12 % nickel by weight. 

3259. The system of claim 3246/ wherein the insulated conductor comprises a conductor 
disposed in an electrically insulaxing material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 2 % nickel by 
weight to approximately 6 % nickel by weight. 

3260. The system of clainy3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises a thermally conductive material. 

3261 . The system of cfeim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises magnesium oxide. 
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3262. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, and wherein the magnesium oxide comprises a thickness of 
at least approximately 1 mm. 

3263. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and/wherein the electrically insulating 
material comprises aluminum oxide and magnesium oxide. 

3264. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configured to occupy porous spaces within the 
magnesium oxide. 

3265. The system of claim 324<s( wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a shea^i, and wherein the sheath comprises a corrosion-resistant 
material. 

3266. The system of claiAi 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath, and wherein the sheath comprises stainless steel. 

3267. The system oy claim 3246, further comprising two additional insulated 
conductors, wherein/the insulated conductor and the two additional insulated conductors 
are configured in a p -phase Y configuration. 



3268. The system 
wherein the 



of claim 3246, further comprising an additional insulated conductor, 
insulated conductor and the additional insulated conductor are coupled to a 



v 
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support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a series electrical configuration. 



3269. The system of claim 3246, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a parallel electrical configuration. 



3270. The system of claim 3246, wherein the/insulated conductor is configured to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 

3271 . The system of claim 3246, further/fcomprising a support member configured to 
support the insulated conductor, wherein the support member comprises orifices 
configured to provide fluid flow through the support member into the open wellbore 
during use. 

3272. The system of claim 3246, mrther comprising a support member configured to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configured to provide a substantially constant amount of fluid flow through the 
support member into the open wfcllbore during use. 

3273. The system of claim 3246, further comprising a tube coupled to the insulated 
conductor, wherein the tube i$! configured to provide a flow of fluid into the open 
wellbore during use. 



3274. The system of claim 3246, further comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configured to provide a 
substantially constant ampunt of fluid flow through the support member into the open 
wellbore during use. 



V 
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3275. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation. 

3276. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3277. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is ydisposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3278. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden ca/ing is disposed in an overburden of the 
formation, and wherein a packing material is/disposed at a junction of the overburden 
casing and the open wellbore. / 

3279. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overbumen casing is disposed in an overburden of the 
formation, wherein a packing materia/is disposed at a junction of the overburden casing 
and the open wellbore, and wherein me packing material is configured to substantially 
inhibit a flow of fluid between the open wellbore and the overburden casing during use. 

3280. The system of claim 3240, further comprising an overburden casing coupled to 
the open wellbore, wherein the yoverburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and Wherein the packing material comprises cement. 

328 1 . The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
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and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configured to couple to the lead-in 
conductor. 



/ 



3282. The system of claim 3246, wherein the system* is further configured to transfer 

// 

heat such that the transferred heat can pyrolyze at jeast some of the hydrocarbons in the 
selected section. 



3283. A system configurable to heat a hydrocarbon containing formation, comprising: 
an insulated conductor configurable to be disposed within an open wellbore in the 

formation, wherein the insulated conductor/is further configurable to provide radiant heat 

to at least a portion of the formation during use; and 

wherein the system is configurabld to allow heat to transfer from the insulated 

conductor to a selected section of the formation during use. 



3284. The system of claim 3283, wherein the insulated conductor is further configurable 
to generate heat during application of an electrical current to the insulated conductor 
during use. 



3285. The system of claim 3283,/further comprising a support member, wherein the 
support member is configurable to support the insulated conductor. 

3286. The system of claim 3283, further comprising a support member and a centralizer, 
wherein the support member is^configurable to support the insulated conductor, and 
wherein the centralizer is configurable to maintain a location of the insulated conductor 
on the support member. 

3287. The system of claim 3283, wherein the open wellbore comprises a diameter of at 
least approximately 5 cm. 
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3288. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. 



3289. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubber insulated 
conductor. / 



3290. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductoi/comprises a copper wire. 

329 1 . The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition/conductor. 

3292. The system of claim 3283, farther /comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

3293. The system of claim 3283, Wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath. / 

3294. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the conductor comprises a 
copper-nickel alloy. / 

3295. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically /insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein/the copper-nickel alloy comprises approximately 7 % nickel by 
weight to approximately fl 2 % nickel by weight. 
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3296. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 2 % nickel by 
weight to approximately 6 % nickel by weight. » 

3297. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises a thermally conductive material. 



10 3298. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
%t) material comprises magnesium oxide. 

• ; 



3299. The system of claim 3283, wherein the insulated conductor comprises a conductor 

yj / 

pi 5 disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, and wherein the magnesium oxide comprises a thickness of 
at least approximately 1 mm. 



s. 

ill 

Q 

S 

■fij 



11 3300. The system of claim 3283, wherein the insulated conductor comprises a conductor 

*''I20 disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises aluminum oxide and magnesium oxide. 

3301 . The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 

25 comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configurable to occupy porous spaces within the 
magnesium oxide. / 

3302. The system of claim 3283, wherein the insulated conductor comprises a conductor 
30 disposed in an electrically insulating material, and wherein the electrically insulating 
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material is disposed in a sheath, and wherein the sheath comprises a corrosion-resistant 
material. 

3303. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath, and wherein the sheath comprises stainless steel. 

3304. The system of claim 3283, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configurable in a 3 -phase Y configuration. 

3305. The system of claim 3283, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a series electrical configuration. 

3306. The system of claim 3283, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a parallel electrical configuration. 

3307. The system of claim 3283, wherein the insulated conductor is configurable to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 

3308. The system of claim 3283, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises orifices 
configurable to provide fluid flow through the support member into the open wellbore 
during use. 

3309. The system of claim 3283, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises critical flow 
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orifices configurable to provide a substantially constant amount of fluid flow through the 
support member into the open wellbore during use. 

33 1 0. The system of claim 3283, further comprising a tube coupled to the insulated 
conductor, wherein the tube is configurable to provide a flow of fluid into the open 
wel lbore during use. 

33 1 1 . The system of claim 3283, further comprising a tube coupled to the first insulated 
conductor, wherein the tube comprises critical flow orifices configurable to provide a 
substantially constant amount of fluid flow through the sujft>ort member into the open 
wellbore during use. 

3312. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing jls disposed in an overburden of the 
formation, 

3313. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden basing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3314. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overj/urden casing is disposed in an overburden of the 
formation, and wherein the overbu/den casing is further disposed in cement. 

3315. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the open wellbore. 

33 1 6. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material is configurable to substantially 
inhibit a flow of fluid between the open wellbore and the overburden casing during use. 

5 33 1 7. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed m an overburden of the 
formation, wherein a packing material is disposed at a juncti/n of the overburden casing 
and the open wellbore, and wherein the packing material comprises cement. 

10 3318. The system of claim 3283, further comprising an overburden casing coupled to 

the open wellbore, wherein the overburden casing is (disposed in an overburden of the 

formation, the system further comprising a wellheajd coupled to the overburden casing 

,|; and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 

Q disposed external to the overburden, wherein the wellhead comprises at least one sealing 

Pi 5 flange, and wherein at least the one sealing flange is configurable to couple to the lead-in 
R] / 

„" conductor. / 

111 3319. The system of claim 3283, wherein the system is further configured to transfer 

f | heat such that the transferred heat can ptfrolyze at least some hydrocarbons in the selected 

p= 20 section. / 

3320. An in situ method for heating a hydrocarbon containing formation, comprising: 
applying an electrical current to an insulated conductor to provide radiant heat to 

at least a portion of the formation^ wherein the insulated conductor is disposed within an 
25 open wellbore in the formation; and 

allowing the radiant heart to transfer from the insulated conductor to a selected 
section of the formation. / 

3321 . The method of claim/3320, further comprising supporting the insulated conductor 
30 on a support member. / 
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3322. The method of claim 3320, further comprising supporting the insulated conductor 
on a support member and maintaining a location of the insulated conductor on the support 
member with a centralizer. 

3323. The method of claim 3320, wherein the insulated conductir is coupled to two 
additional insulated conductors, wherein the insulated conductor and the two insulated 
conductors are disposed within the open wellbore, and wherein the three insulated 
conductors are electrically coupled in a 3-phase Y configi^ation. 

3324. The method of claim 3320, wherein an additional insulated conductor is disposed 
within the open wellbore. 



3325. The method of claim 3320, wherein an additional insulated conductor is disposed 
within the open wellbore, and wherein the insulated conductor and the additional 
insulated conductor are electrically coupled in'a series configuration. 



3326. The method of claim 3320, wherein/an additional insulated conductor is disposed 
within the open wellbore, and wherein the^nsulated conductor and the additional 
insulated conductor are electrically coupled in a parallel configuration. 



3327. The method of claim 3320, wherein the provided heat comprises approximately 
500 W/m to approximately 1 150 W/m. 



3328. The method of claim 332Q,' wherein the insulated conductor comprises a 



conductor disposed in an electrically insulating material, and wherein the conductor 

comprises a copper-nickel alloy. 

j 

f 

3329. The method of claim/3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the conductor 
comprises a copper-nickeljalloy, and wherein the copper-nickel alloy comprises 
approximately 7 % nickel by weight to approximately 12 % nickel by weight. 
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3330. The method of claim 3320, wherein the insulated conductor comprises a 

conductor disposed in an electrically insulating material, wherein the conductor 

t 

comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 

\ 

approximately 2 % nickel by weight to approximately 6 % nickel by weight. 

333 1 . The method of claim 3320, wherein the insula^d conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises magnesium oxide. 



3332. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating /material, wherein the electrically 
insulating material comprises magnesium oxide, and wherein the magnesium oxide 
comprises a thickness of at least approximately 1 mm. 



3333. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises aluminum /oxide and magnesium oxide. 



3334. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises magnesium oxide, wherein the magnesium oxide comprises 
grain particles, and wherein the grain particles are configured to occupy porous spaces 
within the magnesium oxide. 



3335. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wherein the sheath comprises a corrosion-resistant material. 



V 



753 



Conley, Rose & Tayon, P.C. 



3336. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wherein the sheath comprises stainless steel. 

3337. The method of claim 3320, further/comprising supporting the insulated conductor 
on a support member and flowing a fluija into the open wellbore through an orifice in the 
support member. 

3338. The method of claim 3320,/rurther comprising supporting the insulated conductor 
on a support member and flowing a substantially constant amount of fluid into the open 
wellbore through critical flow orifices in the support member. 

3339. The method of clainv3320, wherein a perforated tube is disposed in the open 
wellbore proximate to the msulated conductor, the method further comprising flowing a 
fluid into the open wellbore through the perforated tube. 

3340. The method oyclaim 3320, wherein a tube is disposed in the open wellbore 
proximate to the insulated conductor, the method further comprising flowing a 
substantially constant amount a fluid into the open wellbore through critical flow orifices 
in the tube. 



3341 . The method of claim 3320, further comprising supporting the insulated conductor 
on a support member and flowing a corrosion inhibiting fluid into the open wellbore 
through an orifice in the support member. 

3342. The method of claim 3320, wherein a perforated tube is disposed in the open 
wellbore proxim ite to the insulated conductor, the method further comprising flowing a 
corrosion inhibiting fluid into the open wellbore through the perforated tube. 
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3343. The method of claim 3320, further comprising determining a temperature 
distribution in the insulated conductor using an electromagnetic signal provided to the 
insulated conductor. 

/ 

3344. The method of claim 3320, further comprising m^/toring a leakage current of the 
insulated conductor. 



3345. The method of claim 3320, further comprising jnonitoring the applied electrical 
current. 

3346. The method of claim 3320, further compris/ng monitoring a voltage applied to the 
insulated conductor. 

3347. The method of claim 3320, further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 

3348. The method of claim 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wheyein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3349. The method of claim 3320, farmer comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor. 

3350. The method of claim 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises a substantially low resistance insulated 
conductor. 

3351. The method of claim 332j6, further comprising coupling an overburden casing to 
the open wellbore, wherein the pverburden casing is disposed in an overburden of the 
formation. 
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3352. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

5 

3353. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

10 3354. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
>|j formation, and wherein a packing material is disposal at a junction of the overburden 

jj« casing and the open wellbore. 

hi , 

pl5 3355. The method of claim 3320, further comprising coupling an overburden casing to 

si i / 

" the open wellbore, wherein the overburden casing is disposed in an overburden of the 

t"l formation, and wherein the method further comprises inhibiting a flow of fluid between 

4? / 
ry the open wellbore and the overburden casing/with a packing material. 

% A 

0 

H20 3356. The method of claim 3320, further Comprising heating at least the portion of the 
formation to pyrolyze at least some hydro/arbons within the formation. 

3357. An in situ method for heating a hydrocarbon containing formation, comprising: 
applying an electrical current to an insulated conductor to provide heat to at least 
25 a portion of the formation, wherein the insulated conductor is disposed within an opening 
in the formation; and / 

allowing the heat to transfer ftpm the insulated conductor to a section of the 
formation. 

30 3358. The method of claim 1, further comprising supporting the insulated conductor on 
a support member. 
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3359. The method of claim 1 , further comprising supporting the insulated conductor on 
a support member and maintaining a location of the first insulated conductor on the 
support member with a centralizer. j 

! 

3360. The method of claim 1 , wherein the insulated conductor is coupled to two 
additional insulated conductors, wherein the insulated conductor and the two insulated 
conductors are disposed within the opening, and wherein the three insulated conductors 
are electrically coupled in a 3-phase Y configuration. 

3361. The method of claim 1, wherein an additional insulated conductor is disposed 
within the opening. / 

3362. The method of claim 1, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insmated conductor and the additional insulated 
conductor are electrically coupled in a series configuration. 

3363. The method of claim 1, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled An a parallel configuration. 

3364. The method of claim 1, wherein the provided heat comprises approximately 500 
W/m to approximately 1 150 w/m. 

3365. The method of claim A, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the conductor comprises a 
copper-nickel alloy. / 

3366. The method of cYaim 1, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
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nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % nickel by 
weight to approximately 12 % nickel by weight. 



3367. The method of claim 1, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprise^ approximately 2 % nickel by 
weight to approximately 6 % nickel by weight. 

3368. The method of claim 1, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises magnesium oxide. 

3369. The method of claim 1, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, Wherein the electrically insulating material 
comprises magnesium oxide, and wherein the pagnesium oxide comprises a thickness of 
at least approximately 1 mm. 

3370. The method of claim 1, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating maternal, and wherein the electrically insulating 
material comprises aluminum oxide and magnesium oxide. 

3371. The method of claim 1 , wherein/the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, whereiiythe magnesium oxide comprises grain particles, 
and wherein the grain particles are configured to occupy porous spaces within the 
magnesium oxide. 



3372. The method of claim 1, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the insulating material is disposed 
in a sheath, and wherein the sheath comprises a corrosion-resistant material. 
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3373. The method of claim 1, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the insulating material is disposed 
in a sheath, and wherein the sheath comprises stainless steel. , 

3374. The method of claim 1, further comprising supporting the insulated conductor on 
a support member and flowing a fluid into the opening through an orifice in the support 
member. 



3375. The method of claim 1, further comprising supporting the insulated conductor on 
a support member and flowing a substantially constant amount of fluid into the opening 
through critical flow orifices in the support member. 

3376. The method of claim 1, wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the metjfiod further comprising flowing a fluid into 
the opening through the perforated tube. 

3377. The method of claim 1, wherein a mibe is disposed in the opening proximate to the 
insulated conductor, the method further comprising flowing a substantially constant 
amount a fluid into the opening through critical flow orifices in the tube. 

3378. The method of claim 1 , further comprising supporting the insulated conductor on 
a support member and flowing a corrosion inhibiting fluid into the opening through an 
orifice in the support member. 

3379. The method of claim 1 , wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a corrosion 
inhibiting fluid into the opening through the perforated tube. 

3380. The method of claim 1 , further comprising determining a temperature distribution 
in the insulated conductor using a|h electromagnetic signal provided to the insulated 
conductor. 
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3381. The method of claim 1 , further comprising monitoring a leakage current of the 
insulated conductor. 

3382. The method of claim 1 , further comprising monitc^ing the applied electrical 
current. 

3383. The method of claim 1 , further comprising /nonitoring a voltage applied to the 
insulated conductor. 

3384. The method of claim 1 , further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 

3385. The method of claim 1 , further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3386. The method of claim 1 , furthp comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor. 

3387. The method of claim 1 , fumher comprising electrically coupling a lead-in 
conductor to the insulated conduoxor using a cold pin transition conductor, wherein the 
cold pin transition conductor corpprises a substantially low resistance insulated 
conductor. 

3388. The method of claim 1/ further comprising coupling an overburden casing to the 
opening, wherein the overburden casing is disposed in an overburden of the formation. 



3389. The method of claim 
30 opening, wherein the 

and wherein the overburden 



1 , further comprising coupling an overburden casing to the 
overbidden casing is disposed in an overburden of the formation, 
casing comprises steel. 



v 
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3390. The method of claim 1 , further comprising coupling an overburden casing to the 
opening, wherein the overburden casing is disposed in an overburden of the formation, 
and wherein the overburden casing is further disposed in/cement. 

3391 . The method of claim 1 , further comprising coupling an overburden casing to the 
opening, wherein the overburden casing is disposed/in an overburden of the formation, 
and wherein a packing material is disposed at a junction of the overburden casing and the 
opening. 

3392. The method of claim 1, further comprising coupling an overburden casing to the 
opening, wherein the overburden casing is disposed in an overburden of the formation, 
and wherein the method further comprises inhibiting a flow of fluid between the opening 
and the overburden casing with a packingtfnaterial. 

3393. The method of claim 1, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some hydrocarbons within the formation. 

3394. A system configured to heat a hydrocarbon containing formation, comprising: 
an insulated conductor disposed within an opening in the formation, wherein the 

insulated conductor is configured to provide heat to at least a portion of the formation 
during use, wherein the insulated conductor comprises a copper-nickel alloy, and wherein 
the copper-nickel alloy comprises approximately 7 % nickel by weight to approximately 
1 2 % nickel by weight; and 

wherein the system is configured to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 



3395. The system of claim 3394, wherein the insulated conductor is further configured 



to generate heat during appl 
during use. 



] cation of an electrical current to the insulated conductor 
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3396. The system of claim 3394, further comprising a support member, wherein the 

support member is configured to support the insulated conductor. 

■ \ 
i 

/ 

3397. The system of claim 3394, further comprising a support member and a centralizer, 
wherein the support member is configured to support the^nsulated conductor, and 
wherein the centralizer is configured to maintain a location of the insulated conductor on 
the support member. 

3398. The system of claim 3394, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3399. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configured to generate substantially no heat. 



3400. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-pi conductor comprises a rubber insulated 
conductor. 



3401 . The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein thread-in conductor comprises a copper wire. 

3402. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 

3403. The system of claim 3p94, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 
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3404. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
a thermally conductive material. 

/ 

/ 

5 3405. The system of claim 3394, wherein the copper/nickel alloy is disposed in an 

electrically insulating material, and wherein the elecpically insulating material comprises 
magnesium oxide. / 

3406. The system of claim 3394, wherein the>6opper-nickel alloy is disposed in an 
10 electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, and wherein the magnesium oxide comprises a thickness of at least 

jO approximately 1 mm. 

(2) 

: i: 

!"J 3407. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 

Pi 5 electrically insulating material, and wherein the electrically insulating material comprises 

III 

Si aluminum oxide and magnesium oxide. 

Q 

; |- 

Iti 3408. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 

i?| electrically insulating material, wherein the electrically insulating material comprises 

magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configured to occupy porous spaces within the magnesium oxide. 

3409. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 

25 a sheath, and wherein the sheath comprises a corrosion-resistant material. 

3410. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and whereiiJthe sheath comprises stainless steel. 
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3411. The system of claim 3394, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configured in a 3 -phase Y configuration. 

3412. The system of claim 3394, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a series electrical configuration. 
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3413. The system of claim 3394, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional/insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a parallel electrical/configuration. 

3414. The system of claim 3394, wherein thfe insulated conductor is configured to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 



341 5. The system of claim 3394, further Comprising a support member configured to 
support the insulated conductor, wherein tfhe support member comprises orifices 
configured to provide fluid flow through me support member into the opening during use. 



25 



3416. The system of claim 3394, furtter comprising a support member configured to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configured to provide a substantially constant amount of fluid flow through the 
support member into the opening during use. 
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34 1 7. The system of claim 3394, farther comprising a tube coupled to the insulated 
conductor, wherein the tube is configured to provide a flow of fluid into the opening 
during use. 



V 
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3418. The system of claim 3394, further comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configured to provide a 
substantially constant amount of fluid flow through the support member into the opening 
during use. // 

3419. The system of claim 3394, further comprising anyoyerburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



3420. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is di/posed in an overburden of the 
formation, and wherein the overburden casing .comprises steel. 



342 1 . The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3422. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden/asing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3423. The system of claim 339^, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein/(he packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



3424. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



10 



3425. The system of claim 3394, further comprising an dverburden casing coupled to 
the opening, wherein the overburden casing is disposed/in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configured to couple to the lead-in 
conductor. 
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3426. The system of claim 3394, whereij/the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. 

3427. A system configurable to heat a hydrocarbon containing formation, comprising: 
an insulated conductor configurable to be disposed within an opening in the 

formation, wherein the insulate^ conductor is further configurable to provide heat to at 
least a portion of the formation during use, wherein the insulated conductor comprises a 
copper-nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % 
nickel by weight to approximately 12 % nickel by weight; 

wherein the system is configurable to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 



25 3428. The system offclaim 3427, wherein the insulated conductor is further configurable 
to generate heat duripg application of an electrical current to the insulated conductor 
during use. 
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3429. The systemlof claim 3427, further comprising a support member, wherein the 
support member is configurable to support the insulated conductor. 
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3430. The system of claim 3427. further comprising a support member and a centralizes 

\ 

wherein the support member is configurable to support thd insulated conductor, and 
wherein the centralizer is configurable to maintain a location of the insulated conductor 
on the support member. 

343 1 . The system of claim 3427, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3432. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in/conductor comprises a low resistance conductor 
configurable to generate substantially no heat. 



3433. The system of claim 3427, farther comprising a lead-in conductor coupled to the 
insulated conductor, wherein the^ad-in conductor comprises a rubber insulated 
conductor. / 

/ 

3434. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 

/ 

3435. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 

/ 

3436. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductoywith a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 



3437. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
a thermally conductive material. 



V 
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3438. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
magnesium oxide. j 

/■ 

3439. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, and wherein the magnesium oxide comprises a thickness of at least 
approximately 1 mm. 

3440. The system of claim 3427, wherein theyfcopper-nickel alloy is disposed in an 
electrically insulating material, and wherein ^he electrically insulating material comprises 
aluminum oxide and magnesium oxide. 

3441. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein/the electrically insulating material comprises 
magnesium oxide, wherein the magnepim oxide comprises grain particles, and wherein 
the grain particles are configurable tor occupy porous spaces within the magnesium oxide. 



3442. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises a corrosion-resistant material. 



3443. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises stainless steel. 

3444. The system of claim/3427, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configurable in a 3 -phase Y configuration. 

\ 
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3445. The system of claim 3427, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a series electrical configuratiod. 
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3446. The system of claim 3427, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a parallel electrical configuration. 

3447. The system of claim 3427, wherein the insulafted conductor is configurable to 
generate radiant heat of approximately 500 W/m to approximately 1 1 50 W/m during use. 

3448. The system of claim 3427, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises orifices 
configurable to provide fluid flow through the support member into the open wellbore 
during use. 

3449. The system of claim 3427, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configurable to provide a substantially constant amount of fluid flow through the 
support member into the opening during use./ 
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substantially constant amount of fluid floi 
during use. 



mprising a tube coupled to the insulated 
to provide a flow of fluid into the opening 



3450. The system of claim 3427, further o 
conductor, wherein the tube is configurabl 
during use. 

345 1 . The system of claim 3427, further :omprising a tube coupled to the insulated 
conductor, wherein the tube comprises err ical flow orifices configurable to provide a 



through the support member into the opening 
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3452. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed jin an overburden of the 
formation. 

3453. The system of claim 3427, further comprising/an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3454. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing As further disposed in cement. 

3455. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material/is disposed at a junction of the overburden 
casing and the opening. 

3456. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material/is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening ahd the overburden casing during use. 



3457. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing maternal is disposed at a junction of the overburden casing 
and the opening, and wherein the picking material comprises cement. 



3458. The system of claim 3427, 
the opening, wherein the overburden 



urther comprising an overburden casing coupled to 
casing is disposed in an overburden of the 
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formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configurable to couple to the lead-in 



conductor. 
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3459. The system of claim 3427, wherein the system is/further configured to transfer 
heat such that the transferred heat can pyrolyze at least pome hydrocarbons in the selected 
section. 

3460. An in situ method for heating a hydrocarbon Containing formation, comprising: 
applying an electrical current to an insulated/conductor to provide heat to at least 

a portion of the formation, wherein the insulated conductor is disposed within an opening 
in the formation, and wherein the insulated conductor comprises a copper-nickel alloy of 
approximately 7 % nickel by weight to approximately 12 % nickel by weight; and 

allowing the heat to transfer from the insi/lated conductor to a selected section of 
the formation. 

3461. The method of claim 3460, further con^rising supporting the insulated conductor 
on a support member. 
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3462. The method of claim 3460, further comprising supporting the insulated conductor 
on a support member and maintaining a location of the first insulated conductor on the 
support member with a centralizer. 

3463. The method of claim 3460, whereiA the insulated conductor is coupled to two 
additional insulated conductors, wherein tlie insulated conductor and the two insulated 
conductors are disposed within the opening, and wherein the three insulated conductors 
are electrically coupled in a 3-phase Y configuration. 
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3464. The method of claim 3460, wherein an additional insulated conductor is disposed 
within the opening. 



3465. The method of claim 3460, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and' the additional insulated 
conductor are electrically coupled in a series configuration/ 



3466. The method of claim 3460, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a parallel configuration. 

3467. The method of claim 3460, wherein the prodded heat comprises approximately 
500 W/m to approximately 1 150 W/m. 

3468. The method of claim 3460, wherein the capper-nickel alloy is disposed in an 
electrically insulating material. 

3469. The method of claim 3460, wherein th& copper-nickel alloy is disposed in an 
electrically insulating material, and wherein pe electrically insulating material comprises 
magnesium oxide. 

3470. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, and wherein the magnqsium oxide comprises a thickness of at least 
approximately 1 mm. 



3471 . The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and whei ein the electrically insulating material comprises 
aluminum oxide and magnesium oxide. 



772 



Conley, Rose & Tayon, P C. 



3472. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configured to occupy porous spaces within^ the magnesium oxide. 

/ 

3473. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the insulating material is disposed in a sheath, 
and wherein the sheath comprises a corrosion-resistant material. 



10 3474. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the insulating material is disposed in a sheath, 

Q 

til and wherein the sheath comprises stainless steel. 

m 

3475. The method of claim 3460, further comprising supporting the insulated conductor 

yj / 

Q5 on a support member and flowing a fluid into the opening through an orifice in the 

m 
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support member. 



iif 3476. The method of claim 3460, further comprising supporting the insulated conductor 

t 5 / 

3! on a support member and flowing a substantially constant amount of fluid into the 

/ 

1*20 opening through critical flow orifices in the support member. 



3477. The method of claim 3460, wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a fluid into 
the opening through the perforated tube. 

3478. The method of claim 3460, wherein a tube is disposed in the opening proximate to 
the insulated conductor, the method further comprising flowing a substantially constant 
amount a fluid into the opening through critical flow orifices in the tube. 
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3479. The method of claim 3460, further comprising supporting the insulated conductor 
on a support member and flowing a corrosion inhibiting fluid into the opening through an 
orifice in the support member. 



3480. The method of claim 3460, wherein a perforated tujae is disposed in the opening 
proximate to the insulated conductor, the method furthencomprising flowing a corrosion 
inhibiting fluid into the opening through the perforated/rube. 

3481 . The method of claim 3460, further comprising determining a temperature 
distribution in the insulated conductor using an electromagnetic signal provided to the 
insulated conductor. 

3482. The method of claim 3460, further comprising monitoring a leakage current of the 
insulated conductor. 

3483. The method of claim 3460, furthencomprising monitoring the applied electrical 
current. 

3484. The method of claim 3460, furper comprising monitoring a voltage applied to the 
insulated conductor. 

3485. The method of claim 3460, mrther comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 

3486. The method of claim 3460, further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configurer to generate substantially no heat. 



3487. The method of claim 3#60, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor. 
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3488. The method of claim 3460, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises a substantially low resistance insulated 

conductor. / 

/ 

3489. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3490. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3491 . The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing As disposed in an overburden of the 
formation, and wherein the overburden casmg is further disposed in cement. 

3492. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing mateyal is disposed at a junction of the overburden 
casing and the opening. 

3493. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method/further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 



3494. The method of claim 3460, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some hydrocarbons within the formation. 



3495. A system configured to 



leat a hydrocarbon containing formation, comprising: 
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at least three insulated conductors disposed within an opening in the formation, 
wherein at least the three insulated conductors are electrically coupled in a 3-phase Y 
configuration, and wherein at least the three insulated conductors are configured to 

provide heat to at least a portion of the formation during use; and 

A 

wherein the system is configured to allow heat to traipfer from at least the three 
insulated conductors to a selected section of the formationyduring use. 

/ 

3496. The system of claim 3495, wherein at least the,three insulated conductors are 
further configured to generate heat during application of an electrical current to at least 

the three insulated conductors during use. / 

/ 

/ 

3497. The system of claim 3495, further comprising a support member, wherein the 

/ 

support member is configured to support at least the three insulated conductors. 



3498. The system of claim 3495, further comprising a support member and a centralizer, 
wherein the support member is configured to support at least the three insulated 
conductors, and wherein the centralizer is configured to maintain a location of at least the 
three insulated conductors on the support member. 



3499. The system of claim 3495, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3500. The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 



conductor comprises a low resistance conductor configured to generate substantially no 

/ 

heat. 



3501 . The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a rubber insulated conductor. 
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3502. The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a copper wire. 

/■ 

3503. The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor. 



3504. The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. 



3505. The system of claim 3495, whereih at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath. 

3506. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in' an electrically insulating material, and wherein the 
conductor comprises a copper-nickel alloy. 

3507. The system of claim 3495, wherein at least the three insulated conductors 

comprise a conductor disposed in an electrically insulating material, wherein the 

J 

conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately'? % nickel by weight to approximately 12 % nickel by weight. 

3508. The system of </aim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 
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3509. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises a thermally conductive material. 



3510. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises magnesium i>xide. 

3511. The system of claim 3495, wherein at least me three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least approximately 1 mm. 

3512. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electricallly insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 

3513. The system of claim 3495, wherein tme insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configured to occupy porous spaces within the 
magnesium oxide. / 

3514. The system of claim 3495, whereipi at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is dispose d in a sheath, and wherein the sheath comprises 
a corrosion-resistant material. 

3515. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
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electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
stainless steel. 



35 16. The system of claim 3495, wherein at least the three insulated conductors are 
configured to generate radiant heat of approximately 500 W/m to approximately 1 150 
W/m of at least the three insulated conductors during use. / 

3517. The system of claim 3495, further comprising a support/member configured to 
support at least the three insulated conductors, wherein the support member comprises 
orifices configured to provide fluid flow through the support Jnember into the opening 
during use. 

3518. The system of claim 3495, further comprising a support member configured to 
support at least the three insulated conductors, wherein tht support member comprises 
critical flow orifices configured to provide a substantially constant amount of fluid flow 
through the support member into the opening during use 



3519. The system of claim 3495, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube is configured tjo provide a flow of fluid into the 
opening during use. 



3520. The system of claim 3495, further comprising 
insulated conductors, wherein the tube comprises 
provide a substantially constant amount of fluid 
the opening during use. 



a tube coupled to at least the three 
cfitical flow orifices configured to 
through the support member into 



flew 



3521 . The system of claim 3495, further comprising 
the opening, wherein the overburden casing is disposed 
formation. 



an overburden casing coupled to 
in an overburden of the 
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3522. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

i 

I 

3523. The system of claim 3495, further comprising an overburden^asing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed inf cement. 

3524. The system of claim 3495, further comprising an overburdj/n casing coupled to 
the opening, wherein the overburden casing is disposed in an ove/burden of the 
formation, and wherein a packing material is disposed at a junctijbn of the overburden 
casing and the opening. 

3525. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



3526. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material compri ses cement. 

3527. The system of claim 3495, further comprising an overburden casing coupled to 



the opening, wherein the overburden casing is disposed ir l 
formation, the system further comprising a wellhead coup 



and a lead-in conductor coupled to the insulated conducto r, wherein the wellhead is 
disposed external to the overburden, wherein the wellheac comprises at least one sealing 
flange, and wherein at least the one sealing flange is confi jured to couple to the lead-in 
conductor. 



an overburden of the 

ed to the overburden casing 
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3528. The system of claim 3495, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. ! 



3529. A system configurable to heat a hydrocarbon containing formation, comprising: 
at least three insulated conductors configurable to be disposed within an opening 
in the formation, wherein at least the three insulated conductors are electrically coupled 
in a 3-phase Y configuration, and wherein at least the three insulated conductors are 
further configurable to provide heat to at least a portion of the formation^ during use; and 
wherein the system is configurable to allow heat to transfer froyn at least the three 
insulated conductors to a selected section of the formation during use/ 



3530. The system of claim 3529, wherein at least the three insulated conductors are 
further configurable to generate heat during application of an elec|tical current to at least 
the three insulated conductors during use. 

3531. The system of claim 3529, further comprising a support inember, wherein the 
support member is configurable to support at least the three insulated conductors. 

3532. The system of claim 3529, further comprising a suppc^t member and a centralizer, 
wherein the support member is configurable to support at leak the three insulated 
conductors, and wherein the centralizer is configurable to maintain a location of at least 
the three insulated conductors on the support member. 

3533. The system of claim 3 529, wherein the opening comprises a diameter of at least 
approximately 5 cm. 



3534. The system of claim 3529, further comprising at 
coupled to at least the three insulated conductors, wherein 



east one lead-in conductor 
at least the one lead-in 
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conductor comprises a low resistance conductor configurable to generate substantially no 
heat. 



10 



3535. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least t^e one lead-in 
conductor comprises a rubber insulated conductor. 



/ 



3536. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least^the one lead-in 
conductor comprises a copper wire. 



lis 
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3537. The system of claim 3529, further comprising at least dhe lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor. 

3538. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cola pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. 

3539. The system of claim 3529, wherein at least the thjfee insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath. 



25 



30 



3540. The system of claim 3529, wherein at least the 
comprise a conductor disposed in an electrically i 
conductor comprises a copper-nickel alloy. 



hree insulated conductors 
insulating material, and wherein the 



three insulated conductors 



3541. The system of claim 3529, wherein at least th( : 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 7 % nickel by weight to approximately 12 % nickel by weight. 
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3542. The system of claim 3529, wherein at least the tijjee insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight/to approximately 6 % nickel by weight. 



3543. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises a thermally conductive material. 



3544. The system of claim 3529, wherein at least the three insulated conductors 

comprise a conductor disposed in an electrically insulating material, and wherein the 

/ 

electrically insulating material comprises magnesium oxide. 

i 

3545. The system of claim 3529, wherein at least the three insulated conductors 

/ . 
comprise a conductor disposed in an electrically insulating material, wherein the 

electrically insulating material comprises magnesium oxide, and wherein the magnesium 



oxide comprises a thickness of at least approximately 1 mm. 

f 
f 

3546. The system of (claim 3529, wherein at least the three insulated conductors 
comprise a conducto/disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 

/ 

3547. The system of claim 3529, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 

comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 

i 

and wherein the grain particles are configurable to occupy porous spaces within the 

I 

magnesium oxide. 

I 

I 

3548. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
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electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
a corrosion-resistant material. 



3549. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheatl/and wherein the sheath comprises 
stainless steel. 



3550. The system of claim 3529, wherein at leas/ the three insulated conductors are 
configurable to generate radiant heat of approximately 500 W/m to approximately 1 150 
W/m during use. 

355 1 . The system of claim 3529, further comprising a support member configurable to 
support at least the three insulated conductors, wherein the support member comprises 
orifices configurable to provide fluid flow tjjirough the support member into the opening 
during use. 

3552. The system of claim 3529, furthen comprising a support member configurable to 
support at least the three insulated conductors, wherein the support member comprises 
critical flow orifices configurable to provide a substantially constant amount of fluid flow 
through the support member into the opening during use. 

3553. The system of claim 3529, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tuqe is configurable to provide a flow of fluid into the 
opening during use. 



3554. The system of claim 3529, Airther comprising a tube coupled to at least the three 
insulated conductors, wherein the t ibe comprises critical flow orifices configurable to 
provide a substantially constant air ount of fluid flow through the support member into 
the opening during use. 



v 
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3555. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3556. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3557. The system of claim 3529, further comprising an Overburden casing coupled to 
the opening, wherein the overburden casing is disposed p an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3558. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3559. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

3560. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is/disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3561 . The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing/is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
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and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configurable to couple to the lead-in 
conductor. / 

/ 

3562. The system of claim 3529, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least £ome hydrocarbons in the selected 
section. 



10 



s?3 
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3563. An in situ method for heating a hydrocarbon/containing formation, comprising: 
applying an electrical current to at least three insulated conductors to provide heat 

to at least a portion of the formation, wherein at l^ast the three insulated conductors are 
disposed within an opening in the formation; anc 

allowing the heat to transfer from at lea^x the three insulated conductors to a 
selected section of the formation. 

3564. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member. 

3565. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member and maintaining a location of at least the three 
insulated conductors on the support member with a centralizes 



25 



3566. The method of claim 3563, wherein the provided heat comprises approximately 
500 W/m to approximately 1 150 W/r 



30 



3567. The method of claim 3563, 
comprise a conductor disposed in an 
conductor comprises a copper-nicke 



erein at least the three insulated conductors 
electrically insulating material, and wherein the 
alloy. 
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3568. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 7 % nickel by weight to approximately 12 % nickel by weight. 

3569. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and whtfrein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to Approximately 6 % nickel by weight. 

3570. The method of claim 3563, wherein at le&st the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises magnesium oxide. 

3571 . The method of claim 3563, wherein fit least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least approximately 1 mm. 

3572. The method of claim 3563, wheifein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 



3573. The method of claim 3563, wtterein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, wherein the magnesium 
oxide comprises grain particles, and/ wherein the grain particles are configured to occupy 
porous spaces within the magnesium oxide. 



3574. The method of claim 3563, 



wherein at least the three insulated conductors 



comprise a conductor disposed in an electrically insulating material, wherein the 



\ 
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insulating material is disposed in a sheath, and wherein the sheath comprises a corrosion- 
resistant material. 

/> 

3575. The method of claim 3563, wherein at least ttie three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
insulating material is disposed in a sheath, and wherein the sheath comprises stainless 
steel. 

3576. The method of claim 3563, fiirther comprising supporting at least the three 
insulated conductors on a support member and flowing a fluid into the opening through 
an orifice in the support member. 



3577. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member and flowing a substantially constant amount of 
fluid into the opening through critical/low orifices in the support member. 

/ 

3578. The method of claim 3563, ^herein a perforated tube is disposed in the opening 
proximate to at least the three insulated conductors, the method further comprising 
flowing a fluid into the opening through the perforated tube. 

/ 

3579. The method of claim 35,63, wherein a tube is disposed in the opening proximate to 
at least the three insulated coniuctors, the method further comprising flowing a 
substantially constant amount/a fluid into the opening through critical flow orifices in the 
tube. j 

j 

3580. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member and flowing a corrosion inhibiting fluid into 
the opening through an orifice in the support member. 
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3581. The method of claim 3563, wherein a perforated tube is disposed in the opening 
proximate to at least the three insulated conductors, the method further comprising 
flowing a corrosion inhibiting fluid into the opening through the perforated tube. 

3582. The method of claim 3563, further comprising determining a temperature 
distribution in at least the three insulated conductors usipg an electromagnetic signal 
provided to the insulated conductor. 



10 



3583. The method of claim 3563, further comprising monitoring a leakage current of at 
least the three insulated conductors. 



m 



3584. The method of claim 3563, further comprising monitoring the applied electrical 
current. 

3585. The method of claim 3563, further comprising monitoring a voltage applied to at 
least the three insulated conductors. 



"T- 



3586. The method of claim 3563, further comprising monitoring a temperature in at 
least the three insulated conductors with at least one thermocouple. 



25 
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3587. The method of claim 3563, further comprising electrically coupling a lead-in 
conductor to at least the three insulated conductors, wherein the lead-in conductor 
comprises a low resistance conductor configured to generate substantially no heat. 



3588. The method of claim 3563, further 
conductor to at least the three insulated conductors 



3589. The method of claim 3563, further 
conductor to at least the three insulated c 



comprising electrically coupling a lead-in 

using a cold pin transition conductor. 



comprising electrically coupling a lead-in 
nductors using a cold pin transition conductor, 



wherein the cold pin transition conductor] comprises a substantially low resistance 
insulated conductor. 
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3590. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

/ 

3591 . The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. / 

10 3592. The method of claim 3563, further comprising couplhWan overburden casing to 

the opening, wherein the overburden casing is disposed in an overburden of the 

O / 

k ?\ formation, and wherein the overburden casing is further disposed in cement. 

H 3593. The method of claim 3563, further comprising coupling an overburden casing to 

Ixl I 

lJ5 the opening, wherein the overburden casing is disposed in/an overburden of the 

formation, and wherein a packing material is disposed at a junction of the overburden 

f 1} casing and the opening. / 

sfist / 

ill / 

3594. The method of claim 3563, further comprising coupling an overburden casing to 
2j& the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 

3595. The method of claim 3563, further comprising heating at least the portion of the 
25 formation to substantially pyrolyze at least some of the hydrocarbons within the 

formation. / 

3596. A system configured to heat a hydrocarbon containing formation, comprising: 

a first conductor disposed in a first conduit, wherein the first conduit is disposed 
30 within an opening in the formation, and wherein the first conductor is configured to 
provide heat to at least a portion of the formation during use; and 
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wherein the system is configured to allow heat to transfer from the first conductor 
to a section of the formation during use. 

3597. The system of claim 3596, wherein the first conductor is further configured to 
generate heat during application of an electrical current to the first conductor. 

3598. The system of claim 3596, wherein the first conductor comprises a pipe. 

3599. The system of claim 3596, wherein the first conductor comprises stainless steel. 

3600. The system of claim 3596, wherein the first conduit/comprises stainless steel. 



3601 . The system of claim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor within the first conduit/ 



3602. The system of claim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor within the first conduit, wherein the centralizer comprises 
ceramic material. 



3603. The system of claim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor within the first conduit, wherein the centralizer comprises 
ceramic material and stainless steel. 



3604. The system of claim 3596, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3605. The system of claim 3596, further/comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in conductor comprises a low resistance conductor 
configured to generate substantially no heat. 
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3606. The system of claim 3596, further comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in conductor comprises copper. 

3607. The system of claim 3596, further comprising abiding electrical connector 
5 coupled to the first conductor. / s « 

3608. The system of claim 3596, further comprising a sliding electrical connector 
coupled to the first conductor, wherein the sliding electrical connector is further coupled 
to the first conduit. / 

10 / 

3609. The system of claim 3596, further comprising a sliding electrical connector 

if! coupled to the first conductor, wherein th^sliding electrical connector is further coupled 
% to the first conduit, and wherein the sliding electrical connector is configured to complete 
an electrical circuit with the first conductor and the first conduit. 

m I 

r -* 3610. The system of claim 3596, father comprising a second conductor disposed within 

6$ the first conduit and at least one sliding electrical connector coupled to the first conductor 

Ill and the second conductor, wherein at least the one sliding electrical connector is 

;J: configured to generate less heat than the first conductor or the second conductor during 

20= use. / 

361 1. The system of claim 3596, wherein the first conduit comprises a first section and 
a second section, wherein a mickness of the first section is greater than a thickness of the 
second section such that he&t radiated from the first conductor to the section along the 

25 first section of the conduit/is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 

3612. The system of daim 3596, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configured to maintain a pressure within the first conduit to 

30 substantially inhibit dfeformation of the first conduit during use. 
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3613. The system of claim 3596, further comprising a thermally conductive fluid 
disposed within the first conduit. 



3614. The system of claim 3596, further comprising^ thermally conductive fluid 



disposed within the first conduit, wherein the ther 
helium. 



ly conductive fluid comprises 



3615. The system of claim 3596, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configured to substantially inhibit arcing between the first 
conductor and the first conduit during use/ 

3616. The system of claim 3596, further comprising a tube disposed within the opening 
external to the first conduit, wherein the tube is configured to remove vapor produced 
from at least the heated portion of the formation such that a pressure balance is 
maintained between the first condijat and the opening to substantially inhibit deformation 
of the first conduit during use. 

3617. The system of claim 3596, wherein the first conductor is further configured to 
generate radiant heat of approximately 650 W/m to approximately 1650 W/m during use. 

3618. The system of claim/3596, further comprising a second conductor disposed within 
a second conduit and a third conductor disposed within a third conduit, wherein first 
conduit, the second conduit and the third conduit are disposed in different openings of the 
formation, wherein the first conductor is electrically coupled to the second conductor and 
the third conductor, and Avherein the first, second, and third conductors are configured to 
operate in a 3 -phase Y configuration during use. 



3619. The system of jblaim 3596, further comprising a second conductor disposed within 
the first conduit, wheiein the second conductor is electrically coupled to the first 
i electrical circuit. 



conductor to form an 



V 
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3620. The system of claim 3596, further comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit with a connector. 



V 

3621. The system of claim 3596, further comprising an^overburden casing coupled to 
the opening, wherein the overburden casing is disposed/in an overburden of the 
formation. 

3622. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disnosed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3623. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is flisposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3624. The system of claim 3596, further ccpiprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material/is disposed at a junction of the overburden 
casing and the opening. 

3625. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden caking is disposed in an overburden of the 
formation, wherein a packing material/is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3626. The system of claim 3596, ftirther comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially ljow resistance conductor is electrically coupled to the 
first conductor. 
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3627. The system of claim 3596, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor, and wherein the substantially I9W resistance conductor comprises carbon 
steel. 



3628. The system of claim 3596, further c(6mprisin^ an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configured to su/port the substantially low resistance conductor 
within the overburden casing. 



3629. The system of claim 3596, w/ierein the heated section of the formation is 
substantially pyrolyzed. 

3630. A system configurable to meat a hydrocarbon containing formation, comprising: 
a first conductor configiirable to be disposed in a first conduit, wherein the first 

conduit is configurable to be d/sposed within an opening in the formation, and wherein 
the first conductor is further configurable to provide heat to at least a portion of the 
formation during use; and 

wherein the system h configurable to allow heat to transfer from the first 
conductor to a section of the formation during use. 



363 1 . The system of claj 
generate heat during appJ 



m 3630, wherein the first conductor is further configurable to 
ication of an electrical current to the first conductor. 



3632. The system of dlaim 3630, wherein the first conductor comprises a pipe. 



3633. The system 0/ claim 3630, wherein the first conductor comprises stainless steel. 



3634. The system bf claim 3630, wherein the first conduit comprises stainless steel. 
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3635. The system of claim 3630, further comprising a centralizer configurable to 
maintain a location of the first conductor within the first conduit. 

/ 

3636. The system of claim 3630, further comprising a centralizer configurable to 
maintain a location of the first conductor within the first conduit, wherein the centralizer 
comprises ceramic material. / 

3637. The system of claim 3630, further comprising a centralizer configurable to 
maintain a location of the first conductor within the first conduit, wherein the centralizer 
comprises ceramic material and stainless/steel. 

3638. The system of claim 3630, wherein the opening comprises a diameter of at least 
approximately 5 cm. / 

3639. The system of claim 3630, /further comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. 

3640. The system of claim 3630, further comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in conductor comprises copper. 

3641. The system of claim 3630, further comprising a sliding electrical connector 
coupled to the first conductor. 

3642. The system of claim 3630, further comprising a sliding electrical connector 
coupled to the first conductor, wherein the sliding electrical connector is further coupled 
to the first conduit. / 

3643. The system of/claim 3630, further comprising a sliding electrical connector 
coupled to the first conductor, wherein the sliding electrical connector is further coupled 
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to the first conduit, and wherein the sliding electrical connector is configurable to 
complete an electrical circuit with the first conductor and the first conduit. 

3644. The system of claim 3630, further comprising a second conductor disposed within 
the first conduit and at least one sliding electrical connector coupled to the first conductor 
and the second conductor, wherein at least theyone sliding electrical connector is 
configurable to generate less heat than the first conductor or the second conductor during 
use. / 

3645. The system of claim 3630, wherein the first conduit comprises a first section and 
a second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiatea from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 

3646. The system of claim 3630, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configurable to maintain a pressure within the first conduit 
to substantially inhibit defonpation of the first conduit during use. 

3647. The system of claii 
disposed within the first c< 

3648. The system of claim 3630, further comprising a thermally conductive fluid 
disposed within the first/conduit, wherein the thermally conductive fluid comprises 
helium. I 

3649. The system of cflaim 3630, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configurable to substantially inhibit arcing between the first 
conductor and the first conduit during use. 



3630, further comprising a thermally conductive fluid 
induit. 
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3650. The system of claim 3630, further comprising a tube disposed within the opening 
external to the first conduit, wherein the tube is configurable to remove vapor produced 
from at least the heated portion of the formation such Jhat a pressure balance is 
maintained between the first conduit and the opening to substantially inhibit deformation 
of the first conduit during use. 



365 1 . The system of claim 3630, wherein the first conductor is further configurable to 
generate radiant heat of approximately 650 W/m to approximately 1650 W/m during use. 



3652. The system of claim 3630, furtheycomprising a second conductor disposed within 
a second conduit and a third conductor disposed within a third conduit, wherein first 
conduit, the second conduit and the third conduit are disposed in different openings of the 
formation, wherein the first conductor is electrically coupled to the second conductor and 
the third conductor, and wherein the^first, second, and third conductors are configurable 

to operate in a 3 -phase Y configuration during use. 

/ 

./ 

3653. The system of claim 363,0, further comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit. 



3654, The system of claim/3630, further comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit with a connector. 



3655. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



3656. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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3657. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3658. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is ^disposed at a junction of the overburden 
casing and the opening. 

3659. The system of claim 3630, furthe/ comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing materia/is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3660. The system of claim 363U, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantial/y low resistance conductor is electrically coupled to the 
first conductor. 

3661 . The system of clainy3630, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor, and wherein the substantially low resistance conductor comprises carbon 
steel. 

3662. The system of ilaim 3630, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizp configurable to support the substantially low resistance conductor 
within the overburdeiji casing. 
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3663. The system of claim 3630, wherein the heated section of the formation is 
substantially pyrolyzed. 

3664. An in situ method for heating a hydrocarbor/containing formation, comprising: 
applying an electrical current to a first conductor to provide heat to at least a 

portion of the formation, wherein the first conductor is disposed in a first conduit, and 
wherein the first conduit is disposed within anybpening in the formation; and 

allowing the heat to transfer from the/first conductor to a section of the formation. 

3665 . The method of claim 3664, whereiti the first conductor comprises a pipe. 

3666. The method of claim 3664, wherein the first conductor comprises stainless steel. 

3667. The method of claim 3664, v^erein the first conduit comprises stainless steel. 



3668. The method of claim 366y further comprising maintaining a location of the first 
conductor in the first conduit with a centralizer. 



3669. The method of claim 3664, further comprising maintaining a location of the first 
conductor in the first conduit ,with a centralizer, wherein the centralizer comprises 
ceramic material. 



3670. The method of claim 3664, further comprising maintaining a location of the first 
conductor in the first conduit with a centralizer, wherein the centralizer comprises 
ceramic material and stainless steel. 



3671 . The method of claim 3664, further comprising coupling a sliding electrical 
connector to the first conductor. 
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3672. The method of claim 3664 5 further comprising electrically coupling a sliding 
electrical connector to the first conductor and the first conduit, wherein the first conduit 
comprises an electrical lead configured to complete an electrical circuit with the first 
conductor. / 

3673. The method of claim 3664, further comprising coupling a sliding electrical 
connector to the first conductor and the first conduit, wherein the first conduit comprises 
an electrical lead configured to complete an electrical circuit with the first conductor, and 
wherein the generated heat comprises approximately 20 percent generated by the first 
conduit. / 

3674. The method of claim 3664, wherein thfe provided heat comprises approximately 
650 W/m to approximately 1 650 W/m. / 

3675. The method of claim 3664, further/comprising determining a temperature 
distribution in the first conduit using an electromagnetic signal provided to the conduit. 

3676. The method of claim 3664, further comprising monitoring the applied electrical 
current. / 

3677. The method of claim 3664, further comprising monitoring a voltage applied to the 
first conductor. / 

3678. The method of claim 3664, further comprising monitoring a temperature in the 
conduit with at least one thermocouple. 

3679. The method of claim 3 
the opening, wherein the overt 
formation. 

I 



64, further comprising coupling an overburden casing to 
urden casing is disposed in an overburden of the 
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3680. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

368 1 . The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is/further disposed in cement. 

3682. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3683 . The method of claim 3664 Jurther comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the metMod further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 

3684. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, and wherein the substantially low resistance conductor is electrically 
coupled to the first conductor. 

3685. The method df claim 3664, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing/wherein the substantially low resistance conductor is electrically 
coupled to the first conductor, and wherein the substantially low resistance conductor 
comprises carbon steel. 

3686. The me/hod of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
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overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to the first conductor, and wherein the method further comprises maintaining a 
location of the substantially low resistance conductor in the overburden casing with a 
centralizer support. / 

3687. The method of claim 3664, further comprising electrically coupling a lead-in 
conductor to the first conductor, wherein/the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

/- 

3688. The method of claim 3664, further comprising electrically coupling a lead-in 
conductor to the first conductor, wherein the lead-in conductor comprises copper. 



3689. The method of claim 3664, further comprising maintaining a sufficient pressure 
between the first conduit and' the formation to substantially inhibit deformation of the 
first conduit. 

/ 

3690. The method of claim 3664, further comprising providing a thermally conductive 
fluid within the first conduit. 

3691 . The method of claim 3664, further comprising providing a thermally conductive 
fluid within the firs/conduit, wherein the thermally conductive fluid comprises helium. 

/ 

3692. The method of claim 3664, further comprising inhibiting arcing between the first 
conductor and the first conduit with a fluid disposed within the first conduit. 



3693. The method of claim 3664, further comprising removing a vapor from the 
opening using ^a perforated tube disposed proximate to the first conduit in the opening to 
control a pressure in the opening. 

/ 

3694. The niethod of claim 3664, further comprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the first conduit in the opening. 
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3695. The method of claim 3664, wherein a second conductor is disposed within the 
first conduit, wherein the second conductor is electrically coupled to the first conductor to 
form an electrical circuit. / 

5 / 

3696. The method of claim 3664, wherein a second conductor is disposed within the 
first conduit, wherein the second conductor is electrically coupled to the first conductor 
with a connector. / 

10 3697. The method of claim 3664, wherein a second conductor is disposed within a 

second conduit and a third conductor is disposed within a third conduit, wherein the 
□ / 

«n second conduit and the third conduit are disposed in different openings of the formation, 
*H wherein the first conductor is electrically coupled to the second conductor and the third 

!*= conductor, and wherein the first/ second, and third conductors are configured to operate 

uf / 
in a 3-phase Y configuration. / 

ill / 

C'l 3698. The method of claim i664, wherein a second conductor is disposed within the 

jf j first conduit, wherein at least one sliding electrical connector is coupled to the first 

& conductor and the second conductor, and wherein heat generated by at least the one 
P / 

120 sliding electrical connectonis less than heat generated by the first conductor or the second 
conductor. / 

3699. The method of claim 3664, wherein the first conduit comprises a first section and 
a second section, wherein a thickness of the first section is greater than a thickness of the 

25 second section such thai heat radiated from the first conductor to the section along the 

first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 

3700. The method of claim 3664, further comprising flowing an oxidizing fluid through 
30 an orifice in the first cjonduit. 
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3701 . The method of claim 3664, further comprising disposing a perforated tube 
proximate to the first conduit and flowing an oxidizing fluid through the perforated tube. 



3702. The method of claim 3664, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 

3703. A system configured to heat a hydrocarbon containing formation, comprising: 

a first conductor disposed in a first conduit, wherein the first conduit is disposed 
within a first opening in the formation; 

a second conductor disposed in aySsecond conduit, wherein the second conduit is 
disposed within a second opening in the formation; 

a third conductor disposed in a third conduit, wherein the third conduit is disposed 
within a third opening in the formation, wherein the first, second, and third conductors 
are electrically coupled in a 3-phasfe Y configuration, and wherein the first, second, and 
third conductors are configured tcy provide heat to at least a portion of the formation 
during use; and 

wherein the system is configured to allow heat to transfer from the first, second, 
and third conductors to a selected section of the formation during use. 

3704. The system of claim 3703, wherein the first, second, and third conductors are 
further configured to generate heat during application of an electrical current to the first 
conductor. 

3705. The system of cla/m 3703, wherein the first, second, and third conductors 
comprise a pipe. 

3706. The system of </laim 3703, wherein the first, second, and third conductors 
comprise stainless steel. 



3707. The system o 
a diameter of at least 



claim 3703, wherein the first, second, and third openings comprise 
approximately 5 cm. 



V 
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3708. The system of claim 3703, further comprising a first sliding electrical connector 
coupled to the first conductor and a second sliding electrical connector coupled to the 
second conductor and a third sliding electrical connMtor coupled to the third conductor. 

3709. The system of claim 3703, further comprising a first sliding electrical connector 
coupled to the first conductor, wherein the first sliding electrical connector is further 
coupled to the first conduit. / 

3710. The system of claim 3703, further comprising a second sliding electrical 
connector coupled to the second conductor, wherein the second sliding electrical 
connector is further coupled to the sefcond conduit. 

371 1 . The system of claim 3703/ further comprising a third sliding electrical connector 
coupled to the third conductor, wherein the third sliding electrical connector is further 
coupled to the third conduit. / 

3712. The system of claimr 3703, wherein each of the first, second, and third conduits 
comprises a first section and a second section, wherein a thickness of the first section is 
greater than a thickness of the second section such that heat radiated from each of the 
first, second, and third Conductors to the section along the first section of each of the 
conduits is less than heat radiated from the first, second, and third conductors to the 
section along the second section of each of the conduits. 

3713. The system of claim 3703, further comprising a fluid disposed within the first, 
second, and thircyconduits, wherein the fluid is configured to maintain a pressure within 
the first conduiUo substantially inhibit deformation of the first, second, and third 
conduits during use. 

3714. The system of claim 3703, further comprising a thermally conductive fluid 
disposed within the first, second, and third conduits. 
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3715. The system of claim 3 703 , further comprising a thermally conductive fluid 
disposed within the first, second, and third conduits, wherein the thermally conductive 
fluid comprises helium. 



3716. The system of claim 3703, further comprising a fluid disposed within the first, 
second, and third conduits, wherein me fluid is configured to substantially inhibit arcing 
between the first, second, and third/conductors and the first, second, and third conduits 
during use. 

3717. The system of claim 3703, further comprising at least one tube disposed within 
the first, second, and third openings external to the first, second, and third conduits, 
wherein at least the one tub© is configured to remove vapor produced from at least the 
heated portion of the formation such that a pressure balance is maintained between the 
first, second, and third conduits and the first, second, and third openings to substantially 
inhibit deformation of thj first, second, and third conduits during use. 

3718. The system of claim 3703, wherein the first, second, and third conductors are 
further configured to generate radiant heat of approximately 650 W/m to approximately 

3719. The system 6f claim 3703, further comprising at least one overburden casing 
coupled to the first,' second, and third openings, wherein at least the one overburden 
casing is disposed an an overburden of the formation. 



3720. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing comprises steel. 
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372 1 . The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 

overburden casing is further disposed in cement. 

/ i 
/ i 

3722. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, 2ttid third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein a packing material is 
disposed at a junction of a/ least the one overburden casing and the first, second, and third 
openings. 

3723. The system of fleam 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, wherein a packing material is 
disposed at a junctipn of at least the one overburden casing and the first, second, and third 
openings, and wherein the packing material is further configured to substantially inhibit a 
flow of fluid between the first, second, and third opening and at least the one overburden 
casing during i 

3724. The system of claim 3703, wherein the heated section of the formation is 
substantially pyrolyzed. 



3725. A system configurable to heat a hydrocarbon containing formation, comprising: 
a first conductor configurable to be disposed in a first conduit, wherein the first 
conduit is configurable to be disposed within a first opening in the formation; 

a second conductor configurable to be disposed in a second conduit, wherein the 
second cofiduit is configurable to be disposed within a second opening in the formation; 

a piird conductor configurable to be disposed in a third conduit, wherein the third 
conduit H configurable to be disposed within a third opening in the formation, wherein 



the first, 



second, and third conductors are further configurable to be electrically coupled 
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in a 3 -phase Y configuration, and wherein the first, second, and third conductors are 

further configurable to provide heat to\at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to transfer from the first, second, 

and third conductors to a selected section of the formation during use. 

/ 

3726. The system of claim 372J ? wherein the first, second, and third conductors are 
further configurable to generate/heat during application of an electrical current to the first 
conductor. 



3727. The system of claim/3725, wherein the first, second, and third conductors 
comprise a pipe. 

3728. The system of claim 3725, wherein the first, second, and third conductors 

comprise stainless stee/ 

/ 

/ 

3729. The system of claim 3725, wherein the first, second, and third opening comprise a 
diameter of at least approximately 5 cm. 

/ 

3730. The system of claim 3725, further comprising a first sliding electrical connector 
coupled to the first conductor and a second sliding electrical connector coupled to the 
second conductor and a third sliding electrical connector coupled to the third conductor. 



373 1 . The system of claim 3725, further comprising a first sliding electrical connector 
coupled to th4 first conductor, wherein the first sliding electrical connector is further 
coupled to the first conduit. 



3732. The system of claim 3725, further comprising a second sliding electrical 
connector/ coupled to the second conductor, wherein the second sliding electrical 
connector is further coupled to the second conduit. 
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3733. The system of claim 3725, further comprising a third sliding electrical connector 
coupled to the third conductor, wherein the third sliding electrical connector is further 
coupled to the third conduit. 



10 



CI 

m 
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3734. The system of claim 3725, wherein each of the first, second, and third conduits 
comprises a first section and a second section, wherein' a thickness of the first section is 
greater than a thickness of the second section such mat heat radiated from each of the 
first, second, and third conductors to the section pong the first section of each of the 
conduits is less than heat radiated from the first; second, and third conductors to the 
section along the second section of each of the conduits. 



3735. The system of claim 3725, furtherycomprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configurable to maintain a pressure within 
the first conduit to substantially inhibi/ deformation of the first, second, and third 
conduits during use. 

3736. The system of claim 3725,/further comprising a thermally conductive fluid 
disposed within the first, second/and third conduits. 

3737. The system of claim 3725, further comprising a thermally conductive fluid 
disposed within the first, second, and third conduits, wherein the thermally conductive 
fluid comprises helium. 



3738. The system of claim 3725, further comprising a fluid disposed within the first, 
25 second, and third conduits, wherein the fluid is configurable to substantially inhibit arcing 
between the first, seconq, and third conductors and the first, second, and third conduits 
during use. 



30 



3739. The system of claim 3725, further comprising at least one tube disposed within 



the first, second, and t 



wherein at least the or e tube is configurable to remove vapor produced from at least the 



lird openings external to the first, second, and third conduits, 
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• # 

heated portion of the formation such that a pressure balance is maintained between the 
first, second, and third conduits and the first, second, and third openings to substantially 
inhibit deformation of the first, second, and third conduits during use. 

3740. The system of claim 3725, wherein the first, second, and thij/a conductors are 
further configurable to generate radiant heat of approximately 65yW/m to approximately 
1 650 W/m during use. / 

3741. The system of claim 3725, further comprising at le^st one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation./ 

3742. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing comprises steel. 



3743. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing is further disposed in cement, 

3744. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein a packing material is 
disposed at a junction of at least the one overburden casing and the first, second, and third 
openings. 

3745. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, wherein a packing material is 
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disposed at a junction of at least the one overburden casing and the first, second, and third 
openings, and wherein the packing material is further configurable to substantially inhibit 
a flow of fluid between the first, second, and third opening and at least the one 
overburden casing during use. 

5 

3746. The system of claim 3725, wherein the heated section of the formation is 
substantially pyrolyzed. / 

3747. An in situ method for heating a hydrocarbon containing formation, comprising: 
10 applying an electrical current to a first conductor to provide heat to at least a 

^ portion of the formation, wherein the first conductor is disposed in a first conduit, and 

-M / 

41 wherein the first conduit is disposed within a first opening in the formation; 

m / 

3 p applying an electrical current to a second conductor to provide heat to at least a 

J*; portion of the formation, wherein the second/conductor is disposed in a second conduit, 

ills and wherein the second conduit is disposed/within a second opening in the formation; 
?/■ applying an electrical current to amird conductor to provide heat to at least a 

W portion of the formation, wherein the thjrd conductor is disposed in a third conduit, and 

fif wherein the third conduit is disposed within a third opening in the formation; and 

M / 

«i allowing the heat to transfer from the first, second, and third conductors to a 

^0 selected section of the formation. / 

* / 

3748. The method of claim 3747, wherein the first, second, and third conductors 
comprise a pipe. / 

25 3749. The method of claim 3tf47, wherein the first, second, and third conductors 
comprise stainless steel. / 

3750. The method of claim 3747, wherein the first, second, and third conduits comprise 
stainless steel / 

30 
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3751. The method of claim 3747, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 



3752. The method of claim 3747, further comprising determining a temperature 
distribution in the first, second, and third conduits using an electromagnetic signal 
provided to the first, second, and third conduits. 

// 

3753. The method of claim 3747, further comprising nj^nitoring the applied electrical 
current. 

3754. The method of claim 3747, further compiling monitoring a voltage applied to the 
first, second, and third conductors. 

3755. The method of claim 3747, further comprising monitoring a temperature in the 
first, second, and third conduits with at least one thermocouple. 

3756. The method of claim 3747, further comprising maintaining a sufficient pressure 
between the first, second, and third conduits and the first, second, and third openings to 
substantially inhibit deformation of the first, second, and third conduits. 

3757. The method of claim 3747, further comprising providing a thermally conductive 
fluid within the first, second, and third conduits. 

3758. The method of claim $747, further comprising providing a thermally conductive 
fluid within the first, secondhand third conduits, wherein the thermally conductive fluid 
comprises helium. 

3759. The method of clairrl 3747, further comprising inhibiting arcing between the first, 
second, and third conductors and the first, second, and third conduits with a fluid 
disposed within the first, second, and third conduits. 
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3760. The method of claim 3747, further comprising removing a vapor from the first, 
second, and third openings using at least one perforated tube disposed proximate to the 
first, second, and third conduits in the first, second, and third openings to control a 
pressure in the first, second, and third openings. 



3761 . The method of claim 3747, wherein the first, second, and third conduits comprise 
a first section and a second section, wherein a thickness of the first section is greater than 
a thickness of the second section such that heat ratiiated from the first, second, and third 
conductors to the section along the first sectioiVof the first, second, and third conduits is 
less than heat radiated from the first, secondhand third conductors to the section along the 
second section of the first, second, and third conduits. 

3762. The method of claim 3747, further comprising flowing an oxidizing fluid through 
an orifice in the first, second, and third conduits. 



3763. The method of claim 3747,/further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 



3764. A system configured tc^heat a hydrocarbon containing formation, comprising: 

a first conductor disposed in a conduit, wherein the conduit is disposed within an 

opening in the formation; and 

a second conductor disposed in the conduit, wherein the second conductor is 

electrically coupled to the first conductor with a connector, and wherein the first and 

second conductors are configured to provide heat to at least a portion of the formation 



during use; and 

the syster 

ected section of the formation during use. 



wherein the system is configured to allow heat to transfer from the first and 



second conductors to a se 



3765. The system of claim 3764, wherein the first conductor is further configured to 
generate heat during application of an electrical current to the first conductor. 
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3766. The system of claim 3764, wherein the first and second conductors comprise a 
pipe. 



3767. The system of claim 3764, wherein the first and second conductors comprise 
stainless steel. 

3768. The system of claim 3764, wherein the conduiicomprises stainless steel. 

3769. The system of claim 3764, further comprising a centralizer configured to maintain 
a location of the first and second conductors within the conduit. 

/ 

/ 

3770. The system of claim 3764, further comprising a centralizer configured to maintain 
a location of the first and second conductors within the conduit, wherein the centralizer 



comprises ceramic material. j 



I 

3711. The system of claim 3764, further comprising a centralizer configured to maintain 

a location of the first and second conductors within the conduit, wherein the centralizer 

/ 

comprises ceramic material and stainless steel. 

3772. The system of claim 3764, wherein the opening comprises a diameter of at least 
approximately 5 cm. 



3773. The system of claim 3764, further comprising a lead-in conductor coupled to the 
first and second conductors, Ivherein the lead-in conductor comprises a low resistance 
conductor configured to generate substantially no heat. 



3774. The system of claim 3764, further comprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises copper. 



3775. The system of claim 3764, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
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second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 



3776. The system of claim 3764, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to maintain a pressure \yithin the conduit to substantially 
inhibit deformation of the conduit during use. 



3777. The system of claim 3764, further composing a thermally conductive fluid 
disposed within the conduit. 

3778. The system of claim 3764, further Comprising a thermally conductive fluid 
disposed within the conduit, wherein the/thermally conductive fluid comprises helium. 

3779. The system of claim 3764, fiiraier comprising a fluid disposed within the conduit, 
wherein the fluid is configured to substantially inhibit arcing between the first and second 
conductors and the conduit during use. 

3780. The system of claim 3764, further comprising a tube disposed within the opening 
external to the conduit, whereiry the tube is configured to remove vapor produced from at 
least the heated portion of the formation such that a pressure balance is maintained 
between the conduit and the evening to substantially inhibit deformation of the conduit 
during use. 



378 1 . The system of claintf 3764, wherein the first and second conductors are further 
configured to generate radi&nt heat of approximately 650 W/m to approximately 1650 



W/m during use. 

3782. The system of claijn 
the opening, wherein the 
formation. 



3764, further comprising an overburden casing coupled to 
Overburden casing is disposed in an overburden of the 
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3783. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3784. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing isr further disposed in cement. 

3785. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3786. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein theypacking material is further configured to substantially 
inhibit a flow of fluid between tne opening and the overburden casing during use. 

3787. The system of claim 3^64, wherein the heated section of the formation is 
substantially pyrolyzed. / 

3788. A system configurable to heat a hydrocarbon containing formation, comprising: 
a first conductor configurable to be disposed in a conduit, wherein the conduit is 

configurable to be disposed within an opening in the formation; and 

a second conductor configurable to be disposed in the conduit, wherein the second 
conductor is configurable :o be electrically coupled to the first conductor with a 
connector, and wherein th t first and second conductors are further configurable to 
provide heat to at least a portion of the formation during use; and 

\ 
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wherein the system is configurable to allow heat to transfer from the first and 
second conductors to a selected section of the formation during use. 



3789. The system of claim 3788, wherein the first conductor is further configurable to 
generate heat during application of an electrical current to the first conductor. 



3790. The system of claim 3788, wherein the first anji second conductors comprise a 
pipe. 

3791 . The system of claim 3788, wherein the first and second conductors comprise 
stainless steel. 

3792. The system of claim 3788, wherein thfe conduit comprises stainless steel. 



3793. The system of claim 3788, further^comprising a centralizer configurable to 
maintain a location of the first and second conductors within the conduit. 



3794. The system of claim 3788, further comprising a centralizer configurable to 
maintain a location of the first and second conductors within the conduit, wherein the 

/ 

centralizer comprises ceramic material. 

3795. The system of claim 3788, further comprising a centralizer configurable to 

maintain a location of the first and second conductors within the conduit, wherein the 

/ 

centralizer comprises ceramic material and stainless steel. 



3796. The system of claim 3788, wherein the opening comprises a diameter of at least 
approximately 5 cm. ' 



3797. The system of claim|3788, further comprising a lead-in conductor coupled to the 
first and second conductors* wherein the lead-in conductor comprises a low resistance 
conductor configurable to generate substantially no heat. 
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3798. The system of claim 3788, further comprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises copper. 

3799. The system of claim 3788, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. / 

3800. The system of claim 3788, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to maintain a pressure within the conduit to substantially 
inhibit deformation of the conduit during use. / 

3801 . The system of claim 3788, further comprising a thermally conductive fluid 
disposed within the conduit. / 

3802. The system of claim 3788, further comprising a thermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises helium. 

3803. The system of claim 3788, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to substantially inhibit arcing between the first and 
second conductors and the conduit during use. 

3804. The system of claim 3788, further comprising a tube disposed within the opening 
external to the conduit, wherein the rube is configurable to remove vapor produced from 
at least the heated portion of the formation such that a pressure balance is maintained 
between the conduit and the opening to substantially inhibit deformation of the conduit 
during use. 

I 
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3805. The system of claim 3788, wherein the first and second conductors are further 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 



3806. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

3807. The system of claim 3788, further comprising an Overburden casing coupled to 
the opening, wherein the overburden casing is disposed/in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3808. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing/is further disposed in cement. 

3809. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3810. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein theroacking material is further configurable to substantially 
inhibit a flow of fluid between tHe opening and the overburden casing during use. 

381 1. The system of claim 3788, wherein the heated section of the formation is 
substantially pyrolyzed. | 

3812. An in situ method for heating a hydrocarbon containing formation, comprising: 
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applying an electrical current to at least two conductors to provide heat to at least 
a portion of the formation, wherein at least the two conductors are disposed within a 
conduit, wherein the conduit is disposed within an opening in the formation, and wherein 
at least the two conductors are electrically coupled with a corrector; and 

allowing heat to transfer from at least the two conductors to a selected section of 
the formation. 



3813. The method of claim 3812, wherein at least the two conductors comprise a pipe. 



3814. The method of claim 3812, wherein at least' the two conductors comprise stainless 

steel. I 

/ 

j 

/ 

3815. The method of claim 3812, wherein the conduit comprises stainless steel. 

-/ 

/ 

3816. The method of claim 3812, further/comprising maintaining a location of at least 
the two conductors in the conduit with a centralizer. 



3817. The method of claim 381 2, further comprising maintaining a location of at least 

/ 

the two conductors in the conduit with a centralizer, wherein the centralizer comprises 
ceramic material. 

I 

/ 

3818. The method of claim 3812, further comprising maintaining a location of at least 

/ 

the two conductors in the conduit with a centralizer, wherein the centralizer comprises 

/ 

ceramic material and stainless steel. 



3819. The method of claim 3812, wherein the provided heat comprises approximately 

650 W/m to approximately 1^650 W/m. 

/' 

i 

3820. The method of claim 3812, further comprising determining a temperature 
distribution in the conduit using an electromagnetic signal provided to the conduit. 
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3821 . The method of claim 3812, further comprising monitoring the applied electrical 
current. 

3822. The method of claim 3812, further comprising monitoring a voltage applied to at 
least the two conductors. / 

3823. The method of claim 3812, further comprising nionitoring a temperature in the 
conduit with at least one thermocouple. / 

3824. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

3825. The method of claim 3812, further (Comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3826. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3827. The method of claim 38L2, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3828. The method of claii 
the opening, wherein the o 
formation, and wherein thi 
the opening and the overht 



3812, further comprising coupling an overburden casing to 
terburden casing is disposed in an overburden of the 
method further comprises inhibiting a flow of fluid between 
rden casing with a packing material. 



v 
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3829. The method of claim 3812, further comprising maintaining a sufficient pressure 
between the conduit and the formation to substantially inhibit deformation of the conduit. 

/ 

3830. The method of claim 3812, further comprising providing a thermally conductive 
fluid within the conduit. / 

383 1 . The method of claim 3812, further comprising providing a thermally conductive 
fluid within the conduit, wherein the thermally conductive fluid comprises helium. 

3832. The method of claim 3812, further comprising inhibiting arcing between at least 
the two conductors and the conduit with a flmd disposed within the conduit. 

3833. The method of claim 3812, further comprising removing a vapor from the 
opening using a perforated tube disposed proximate to the conduit in the opening to 
control a pressure in the opening. / 

3834. The method of claim 3812,/further comprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the conduit in the opening. 

3835. The method of claim 3812, wherein the conduit comprises a first section and a 
second section, wherein a thiakness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit /s less than heat radiated from the first conductor to the section 
along the second section or the conduit. 

3836. The method of cpim 3812, further comprising flowing an oxidizing fluid through 
an orifice in the conduijf. 

3837. The method o: 
proximate to the cone 



[claim 3812, further comprising disposing a perforated tube 
ait and flowing an oxidizing fluid through the perforated tube. 
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3838. The method of claim 3812, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 



3839. A system configured to heat a hydrocarbon containing/formation, comprising: 

at least one conductor disposed in a conduit, wherek/the conduit is disposed 
within an opening in the formation, and wherein at least throne conductor is configured 
to provide heat to at least a first portion of the formation^ during use; 

at least one sliding connector, wherein at leasyxhe one sliding connector is 
coupled to at least the one conductor, wherein at least the one sliding connector is 
configured to provide heat during use, and wherein heat provided by at least the one 
sliding connector is substantially less than the Ijeat provided by at least the one conductor 
during use; and 

wherein the system is configured to allow heat to transfer from at least the one 
conductor to a section of the formation during use. 



3840. The system of claim 3839, wherein at least the one conductor is further 
configured to generate heat during application of an electrical current to at least the one 
conductor. 



3841 . The system of claim 383^, wherein at least the one conductor comprises a pipe. 

3842. The system of claim 3839, wherein at least the one conductor comprises stainless 
steel. 

3843. The system of clair^i 3839, wherein the conduit comprises stainless steel. 

3844. The system of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the /one conductor within the conduit. 
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3845. The system of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit, wherein the centralizer 
comprises ceramic material. 

I 

3846. The system of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within tlje conduit, wherein the centralizer 
comprises ceramic material and stainless steel 

3847. The system of claim 3839, whereii/the opening comprises a diameter of at least 
approximately 5 cm. 

3848. The system of claim 3839, Wher comprising a lead-in conductor coupled to at 
least the one conductor, wherein thread-in conductor comprises a low resistance 
conductor configured to generate substantially no heat. 

3849. The system of claim 3839, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises copper. 

3850. The system of claim/3839, wherein the conduit comprises a first section and a 
second section, wherein a tnickness of the first section is greater than a thickness of the 
second section such that Meat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 

385 1 . The system of claim 3839, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to maintain a pressure within the conduit to substantially 
inhibit deformation/of the conduit during use. 



3852. The systeni of claim 3839, further comprising a thermally conductive fluid 
disposed within the conduit. 



\ 
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3853. The system of claim 3839, further comprising a thermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises helium. 



3854. The system of claim 3839, further comprising a fluid disposed within the conduit, 



/ 



wherein the fluid is configured to substantially inhibit arcing between at least the one 



conductor and the conduit during use. 



/ 



/ 



3855. The system of claim 3839, further ^omprising a tube disposed within the opening 
external to the conduit, wherein the tube is configured to remove vapor produced from at 
least the heated portion of the formation/such that a pressure balance is maintained 
between the conduit and the opening tp substantially inhibit deformation of the conduit 
during use. 



3856. The system of claim 3839ywherein at least the one conductor is further 
configured to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 



3857. The system of claim ^839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



3858. The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the /overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3859. The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3860. The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3861. The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3862. The system of claim 3839, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor. 

3863. The system of claim 3839, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor, and wherein the substantially low resistance conductor comprises 
carbon steel. 

3864. The system of claim 3839, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configured to support the substantially low resistance conductor 
within the overburden casing. 

3865. The system of claim 3839, wl/erein the heated section of the formation is 
substantially pyrolyzed. 



3866. A system configurable to heat a hydrocarbon containing formation, comprising: 

at least one conductor configurable to be disposed in a conduit, wherein the 
conduit is configurable to be disposed within an opening in the formation, and wherein at 



v 
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least the one conductor is further configurable to provide heat to at least a first portion of 
the formation during use; 

at least one sliding connector, wherein at least the one sliding connector is 
configurable to be coupled to at least the one conductor, wherein at least the one sliding 
connector is further configurable to provide heat during use, and wherein heat provided 
by at least the one sliding connector is substantially Jess than the heat provided by at least 
the one conductor during use; and 

wherein the system is configurable to alloW heat to transfer from at least the one 
conductor to a section of the formation during /se. 

3867. The system of claim 3866, wherein At least the one conductor is further 
configurable to generate heat during application of an electrical current to at least the one 
conductor. 

3868. The system of claim 3866, wtferein at least the one conductor comprises a pipe. 

3869. The system of claim 3866,/vherein at least the one conductor comprises stainless 
steel. 

3870. The system of claim 3866, wherein the conduit comprises stainless steel. 

3871 . The system of claim k 866, further comprising a centralizer configurable to 
maintain a location of at least the one conductor within the conduit. 

3872. The system of claim 3866, further comprising a centralizer configurable to 
maintain a location of atyleast the one conductor within the conduit, wherein the 
centralizer comprises ceramic material. 



3873. The system of /claim 3866, further comprising a centralizer configurable to 



maintain a location o 
centralizer comprises 



at least the one conductor within the conduit, wherein the 
ceramic material and stainless steel. 
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3874. The system of claim 3866, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

/ 

3875. The system of claim 3866, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises a low resistance 
conductor configurable to generate substantially no heat. 



3876. The system of claim 3866, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises copper. 



3877. The system of claim 3866,' wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 



3878. The system of claiyi 3866, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to maintain a pressure within the conduit to substantially 
inhibit deformation of the^ conduit during use. 



3879. The system of claim 3866, further comprising a thermally conductive fluid 
disposed within the conduit. 



3880. The system of/claim 3866, further comprising a thermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises helium. 

3881. The system o( claim 3866, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to substantially inhibit arcing between at least the one 
conductor and the conduit during use. 

\ 
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3882. The system of claim 3866, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configurable to remove vapor produced from 
at least the heated portion of the formation such that a pressure balance is maintained 
between the conduit and the opening to substantially /nhibit deformation of the conduit 
during use. 

3883. The system of claim 3866, wherein at least the one conductor is further 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 

3884. The system of claim 3866, furthe/ comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3885. The system of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overbArden casing comprises steel. 

3886. The system of claim 38p6, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3887. The system of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a/packing material is disposed at a junction of the overburden 
casing and the opening. 



3888. The system of cflaim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a p acking material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is further configurable to substantially 
Inhibit a flow of fluid between the opening and the overburden casing during use. 

/ 

3889. The system of claim 3866, further comprising an^overburden casing coupled to 
the opening and a substantially low resistance conduct^* disposed within the overburden 
casing, wherein the substantially low resistance con^ctor is electrically coupled to at 
least the one conductor. 

3890. The system of claim 3866, further comprising an overburden casing coupled to 
the opening and a substantially low resistance/conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor, and wherein the substantially low resistance conductor comprises 
carbon steel. 



3891 . The system of claim 3866, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configurable y to support the substantially low resistance conductor 
within the overburden casing. 



3892. The system of claim 3866/wherein the heated section of the formation is 
substantially pyrolyzed. 



3893. An in situ method for heating a hydrocarbon containing formation, comprising: 

applying an electrical current to at least one conductor and at least one sliding 
connector to provide heat to at least a portion of the formation, wherein at least the one 
conductor and at least the oJt sliding connector are disposed within a conduit, and 
wherein heat provided by a/least the one conductor is substantially greater than heat 
provided by at least the one sliding connector; and 

allowing the heat to transfer from at least the one conductor and at least the one 
sliding connector to a section of the formation. 
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3894. The method of claim 3893, wherein at least the one conductor comprises a pipe. 



3895. The method of claim 3893, wherein at least the one conductor comprises stainless 
steel. / 

3896. The method of claim 3893, wherein the conduit comprises stainless steel. 

3897. The method of claim 3893, further comprising maintaining a location of at least 
the one conductor in the conduit with a centralizer/ 

3898. The method of claim 3893, further comprising maintaining a location of at least 
the one conductor in the conduit with a centralizer, wherein the centralizer comprises 
ceramic material / 

3899. The method of claim 3893, further comprising maintaining a location of at least 
the one conductor in the conduit with a centralizer, wherein the centralizer comprises 
ceramic material and stainless steel. / 

3900. The method of claim 3893, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. / 

3901 . The method of claim 3893, further comprising determining a temperature 
distribution in the conduit using an electromagnetic signal provided to the conduit. 

3902. The method of claim 3893, further comprising monitoring the applied electrical 
current. 

3903. The method of claim 3893, fu ther comprising monitoring a voltage applied to at 
least the one conductor. 
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3904. The method of claim 3893, further comprising monitoring a temperature in the 
conduit with at least one thermocouple. 

3905. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in ap overburden of the 
formation. 
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3906. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed m an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3907. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3908. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3909. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing withja packing material. 

3910. The method of claim 3893, further Comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, and wherein the substa itially low resistance conductor is electrically 
coupled to at least the one conductor. 



\ 
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391 1 . The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistances-conductor is electrically 
coupled to at least the one conduct 
conductor comprises carbon steel. 



coupled to at least the one conductor, and wherein the substantially low resistance 



3912. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to at least the one conductor, and wherein/the method further comprises 
maintaining a location of the substantially low resistance conductor in the overburden 
casing with a centralizer support. 



3913. The method of claim 3893, further comprising electrically coupling a lead-in 
conductor to at least the one conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate/substantially no heat. 



3914. The method of claim 3893, further comprising electrically coupling a lead-in 
conductor to at least the one conductor, wherein the lead-in conductor comprises copper. 



391 5. The method of claim 3893, further comprising maintaining a sufficient pressure 
between the conduit and the formation to substantially inhibit deformation of the conduit. 

3916. The method of claim 3893, further comprising providing a thermally conductive 
fluid within the conduit. 



3917. The method of claim 3893.' further comprising providing a thermally conductive 
fluid within the conduit, wherein the thermally conductive fluid comprises helium. 



3918. The method of claim 38<j3, further comprising inhibiting arcing between the 
conductor and the conduit with a fluid disposed within the conduit. 
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3919. The method of claim 3893, further comprising removing a vapor from the 
opening using a perforated tube disposed proximate to the condjiit in the opening to 
control a pressure in the opening. / 

3920. The method of claim 3893, further comprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the conduit in the opening. 

3921 . The method of claim 3893, further comprising flowing an oxidizing fluid through 
an orifice in the conduit. / 

3922. The method of claim 3893, further comprising disposing a perforated tube 
proximate to the conduit and flowing an oxidizing fluid through the perforated tube. 

3923. The method of claim 3893, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 

3924. A system configured to heat a hydrocarbon containing formation, comprising: 
at least one elongated member disposed within an opening in the formation, 

wherein at least the one elongated member is configured to provide heat to at least a 
portion of the formation during use; and / 

wherein the system is configured t© allow heat to transfer from at least the one 
elongated member to a section of the formation during use. 

3925. The system of claim 3924, wherein at least the one elongated member comprises 
stainless steel. 

3926. The system of claim 3924, wh< 
configured to generate heat during api 
elongated member. 



xein at least the one elongated member is further 
lication of an electrical current to at least the one 
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3927. The system of claim 3924, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elongated member. 

3928. The system of claim 3924, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elongated member, and wherein the sup/ort member comprises openings. 

3929. The system of claim 3924, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elongated member, wherein the support member comprises openings, 
wherein the openings are configured to flow a fluid along a length of at least the one 
elongated member during use, and wherein the fluid is configured to substantially inhibit 
carbon deposition on or proximate to at Least the one elongated member during use. 

3930. The system of claim 3924, further comprising a tube disposed in the opening, 
wherein the tube comprises openings wherein the openings are configured to flow a fluid 
along a length of at least the one elongated member during use, and wherein the fluid is 
configured to substantially inhibit parbon deposition on or proximate to at least the one 
elongated member during use. 

393 1 . The system of claim 3924, further comprising a centralizer coupled to at least the 
one elongated member, where/n the centralizer is configured to electrically isolate at least 
the one elongated member. 

3932. The system of clainy 3924, further comprising a centralizer coupled to at least the 
one elongated member and' a support member coupled to at least the one elongated 
member, wherein the centralizer is configured to maintain a location of at least the one 
elongated member on the/support member. 
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3933. The system of claim 3924, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3934. The system of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no4ieat. 

3935. The system of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a rubber 
insulated conductor. / 

3936. The system of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the leaa-in conductor comprises copper wire. 

3937. The system of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 

3938. The system of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member with a coldfoin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

3939. The system of claim 3924, whereiA at least the one elongated member is arranged 
in a series electrical configuration. / 

3940. The system of claim 3924, wheyein at least the one elongated member is arranged 
in a parallel electrical configuration. 

3941. The system of claim 3924, wl 
configured to generate radiant heat o 
W/m during use. J 



srein at least the one elongated member is 
'approximately 650 W/m to approximately 1650 
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3942. The system of claim 3924, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configured to remove vapor from the opening to control a pressure in the opening during 
use. 



3943. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed \r/w overburden of the 
formation. 

3944. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3945. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3946. The system of claim 3924, further/comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3947. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3948. The system of claim 3924 J further comprising an overburden casing coupled to 



the opening, wherein the overbun 
formation, wherein a packing ma 



en casing is disposed in an overburden of the 

erial is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 



3949. The system of claim 3924, wherein the heated section of the formation is 
substantially pyrolyzed. / 

I 

3950. A system configurable to heat a hydrocarbon containing formation, comprising: 
at least one elongated member configurable to be disposed within an opening in 

the formation, wherein at least the one elongated member is further configurable to 
provide heat to at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to transfer from at least the one 
elongated member to a section of the formation during use. 

395 1 . The system of claim 3950, wherein at leasUhe one elongated member comprises 
stainless steel. 



3952. The system of claim 3950, wherein at least the one elongated member is further 
configurable to generate heat during application of an electrical current to at least the one 
elongated member. 



3953. The system of claim 3950, further comprising a support member coupled to at 
least the one elongated member, whereid the support member is configurable to support 
at least the one elongated member. 



3954. The system of claim 3950, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configurable to support 
at least the one elongated member^and wherein the support member comprises openings. 

3955. The system of claim 395o/ further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configurable to support 



at least the one elongated member, wherein the support member comprises openings, 

i 
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wherein the openings are configurable to flow a fluid along a length of at least the one 
elongated member during use, and wherein the fluid is configurable to substantially 
inhibit carbon deposition on or proximate to at least the one elongated member during 
use. J 

3956. The system of claim 3950, further comprising a tWbe disposed in the opening, 
wherein the tube comprises openings, wherein the openings are configurable to flow a 
fluid along a length of at least the one elongated member during use, and wherein the 
fluid is configurable to substantially inhibit carbon (deposition on or proximate to at least 
the one elongated member during use. / 

3957. The system of claim 3950, further comprising a centralizer coupled to at least the 
one elongated member, wherein the centralizer is configurable to electrically isolate at 
least the one elongated member. / 

3958. The system of claim 3950, further/comprising a centralizer coupled to at least the 
one elongated member and a support member coupled to at least the one elongated 
member, wherein the centralizer is. configurable to maintain a location of at least the one 
elongated member on the support member. 

3959. The system of claim 3950, whferein the opening comprises a diameter of at least 
approximately 5 cm. / 

3960. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member, wnerein the lead-in conductor comprises a low 
resistance conductor configurable p generate substantially no heat. 

3961. The system of claim 3950| 
least the one elongated member, \ 
insulated conductor. 



further comprising a lead-in conductor coupled to at 
/herein the lead-in conductor comprises a rubber 
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3962. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 



3963. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition/conductor. 

3964. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

3965. The system of claim 3950, wherein at leagi the one elongated member is arranged 
in a series electrical configuration. 

3966. The system of claim 3950, wherein at Jeast the one elongated member is arranged 
in a parallel electrical configuration. 

3967. The system of claim 3950, wherein ^t least the one elongated member is 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 



3968. The system of claim 3950, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configurable to remove vapor from the opening to control a pressure in the opening 
during use. 




3969. The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden Rasing is disposed in an overburden of the 
formation. 



V 
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3970. The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

\ 

3971. The system of claim 3950, further comprising an overburcen casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposer! in cement. 

3972. The system of claim 3950, further comprising an ovemurden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a /unction of the overburden 
casing and the opening. 



3973. The system of claim 3950, further comprising an/overburden casing coupled to 
the opening, wherein the overburden casing is disposed fin an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3974. The system of claim 3950, further comprising/an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at/a junction of the overburden casing 
and the opening, and wherein the packing material \k further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 



3975. The system of claim 3950, wherein the heated section of the formation is 
substantially pyrolyzed. 

3976. An in situ method for heating a hydrocarbon containing formation, comprising: 
applying an electrical current to at least one elongated member to provide heat to 

at least a portion of the formation, wherein at least the one elongated member is disposed 
within an opening of the formation; and \^ 



842 



Conley, Rose & Tayon, P C. 



allowing heat to transfer from at least the one elongated member to a section of 
the formation. 



3977. The method of claim 3976, wherein at least the one elongated member comprises 
a metal strip. 

3978. The method of claim 3976, wherein at least the one eloi^ated member comprises 
a metal rod. 

3979. The method of claim 3976, wherein at least the oneyfelongated member comprises 
stainless steel. 

3980. The method of claim 3976, further comprising Supporting at least the one 
elongated member on a center support member. 

3981. The method of claim 3976, further comprising supporting at least the one 
elongated member on a center support member, wherein the center support member 
comprises a tube. 

3982. The method of claim 3976, further composing electrically isolating at least the 
one elongated member with a centralizer. 

3983. The method of claim 3976, further comprising laterally spacing at least the one 
elongated member with a centralizer. 



3984. The method of claim 3976, further comprising electrically coupling at least the 
one elongated member in a series configuration. 

3985. The method of claim 3976, further o >mprising electrically coupling at least the 
one elongated member in a parallel configuiation. 

i 
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3986. The method of claim 3976, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

3987. The method of claim 3976, further comprising determining a temperature 
distribution in at least the one elongated member using an electromagnetic signal 
provided to at least the one elongated member. 

3988. The method of claim 3976, further comprising monitoring the applied electrical 
current. 



3989. The method of claim 3976, further comprising monitoring a voltage applied to at 
4} least the one elongated member. / 



/ • • 

w momtonr 



! p : 3990. The method of claim 3976, further comprising/monitoring a temperature in at 



least the one elongated member with at least one thermocouple. 



3991. The method of claim 3976, further comprising supporting at least the one 
elongated member on a center support member, wherein the center support member 
comprises openings, the method further comprising flowing an oxidizing fluid through 

si 20 the openings to substantially inhibit carbon deposition proximate to or on at least the one 
elongated member. 

3992. The method of claim 3976, further comprising flowing an oxidizing fluid through 
a tube disposed proximate to at least the one elongated member to substantially inhibit 

25 carbon deposition proximate to or on at least the one elongated member. 

3993. The method of claim 3976, further comprising flowing an oxidizing fluid through 
an opening in at least the one elongated member to substantially inhibit carbon deposition 
proximate to or on at least the one elongated member. 

30 
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3994. The method of claim 3976, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member, wherein the lead-in conductor comprises 
a low resistance conductor configured to generate substantially no heat. 

3995. The method of claim 3976, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member using a colp pin transition conductor. 



10 
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3996. The method of claim 3976, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member usina/a cold pin transition conductor, 
wherein the cold pin transition conductor comprise/ a substantially low resistance 
insulated conductor. 

3997. The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing ^s disposed in an overburden of the 
formation. 

3998. The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing comprises steel. 

3999. The method of claim 3976, Mrther comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in cement. 



25 



4000. The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein a packing pnaterial is disposed at a junction of the overburden 
casing and the opening. 



30 



4001 . The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening, and/ wherein the method further comprises inhibiting a flow of 
fluid between the opening and the overburden casing with the packing material. 
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4002. The method of claim 3976, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 

/ 

4003. A system configured to heat a hydrocarbon containing formation, comprising: 
at least one elongated member disposed within an opening in the formation, 

wherein at least the one elongated member is configured to provide heat to at least a 
portion of the formation during use; 
an oxidizing fluid source; 

a conduit disposed within the opening, wherein the conduit is configured to 
provide an oxidizing fluid from the oxidizing fluid source to the opening during use, and 
wherein the oxidizing fluid is selected to substantially inhibit carbon deposition on or 
proximate to at least the one elongated member during use; and 

wherein the system is configured to allow heat to transfer from at least the one 
elongated member to a section of the formation during use. 



4004. The system of claim 4003, wherein at least the one elongated member comprises 
stainless steel. 



4005. The system of claim 4003, wherein at least the one elongated member is further 
configured to generate heat during application of an electrical current to at least the one 
elongated member. j 

j 

4006. The system of claim 4003, wherein at least the one elongated member is coupled 
to the conduit, wherein the conduit is further configured to support at least the one 
elongated member. 

4007. The system of claim 4003, wherein at least the one elongated member is coupled 
to the conduit, wherein the conduit is further configured to support at least the one 
elongated member, and wherein the conduit comprises openings. 
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4008. The system of claim 4003, further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configured to 
electrically isolate at least the one elongated member from the conduit. 



4009. The system of claim 4003, further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configured to maintain 
a location of at least the one elongated member on the conduit. 

4010. The system of claim 4003, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

401 1 . The system of claim 4003, further comprising aiead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

4012. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-ip conductor comprises a rubber 
insulated conductor. 

4013. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

4014. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 

40 1 5. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member with a coin pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

4016. The system of claim 4003, wherein at least the one elongated member is arranged 
in a series electrical configuration. 
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4017. The system of claim 4003, wherein at least the one elongated member is arranged 
in a parallel electrical configuration. / 

4018. The system of claim 4003, wherein at least the one elongated member is 
configured to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. / 

4019. The system of claim 4003, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configured to remove vapor from the opening td control a pressure in the opening during 
use. / 

4020. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

4021. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

4022. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburdem casing is disposed in an overburden of the 
formation, and wherein the overbuyden casing is further disposed in cement. 

4023 . The system of claim 4003 J 
the opening, wherein the overburc 
formation, and wherein a packing 
casing and the opening. 



f further comprising an overburden casing coupled to 
len casing is disposed in an overburden of the 
material is disposed at a junction of the overburden 
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4024. The system of claim 4003, further comprising an overburden casing coupled to 

the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 

/. 

and the opening, and wherein the packing material comprises cement. 

4025. The system of claim 4003, further comprising in overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed ai a junction of the overburden casing 
and the opening, and wherein the packing materiayis further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

4026. The system of claim 4003, wherein the heated section of the formation is 
substantially pyrolyzed. / 

4027. A system configurable to heat a hydrocarbon containing formation, comprising: 
at least one elongated member configurable to be disposed within an opening in 

the formation, wherein at least the one elongated member is further configurable to 
provide heat to at least a portion of the formation during use; 

a conduit configurable to be disposed within the opening, wherein the conduit is 
further configurable to provide an oxidising fluid from the oxidizing fluid source to the 
opening during use, and wherein the system is configurable to allow the oxidizing fluid to 
substantially inhibit carbon deposition pn or proximate to at least the one elongated 
member during use; and / 

wherein the system is further configurable to allow heat to transfer from at least 
the one elongated member to a section of the formation during use. 

4028. The system of claim 4027, therein at least the one elongated member comprises 
stainless steel. I 
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4029. The system of claim 4027, wherein at least the one elongated member is further 
configurable to generate heat during application of an electrical current to at least the one 
elongated member. 



4030. The system of claim 4027, wherein at least the one elongated member is coupled 
to the conduit, wherein the conduit is further configurable to support at least the one 
elongated member. 

403 1 . The system of claim 4027, wherein at leasA the one elongated member is coupled 
to the conduit, wherein the conduit is further configurable to support at least the one 
elongated member, and wherein the conduit comprises openings. 

4032. The system of claim 4027, further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configurable to 
electrically isolate at least the one elongated member from the conduit. 

4033. The system of claim 4027, further/comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configurable to 
maintain a location of at least the one elongated member on the conduit. 

4034. The system of claim 4027, whe/ein the opening comprises a diameter of at least 
approximately 5 cm. 



4035. The system of claim 4027, fumher comprising a lead-in conductor coupled to at 



least the one elongated member, wh 
resistance conductor configurable to 



4036. The system of claim 4027, 
least the one elongated member, 
insulated conductor. 



ein the lead-in conductor comprises a low 
generate substantially no heat. 



farther comprising a lead-in conductor coupled to at 
wHerein the lead-in conductor comprises a rubber 



V 
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4037. The system of claim 4027, further comprising a lead-in conductor coupled to at 

least the one elongated member, wherein the lead-in conductor comprises copper wire. 

!, 
/] 

4038. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 



4039. The system of claim 4027, further comprising^ lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 



4040. The system of claim 4027, wherein at least the one elongated member is arranged 
in a series electrical configuration. j 

4041. The system of claim 4027, wherein at least the one elongated member is arranged 
in a parallel electrical configuration. 

4042. The system of claim 4027, wherein at least the one elongated member is 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. / 

i 

y 

4043. The system of claim 4027, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configurable to remove vapor from the opening to control a pressure in the opening 
during use. / 



4044. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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4045. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

4046. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed inyan overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

4047. The system of claim 4027, further comprising/an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

4048. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing /s disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packingymaterial comprises cement. 

4049. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden oasing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

4050. The system of claim 4027, wherein the heated section of the formation is 
substantially pyrolyzed. / 

405 1 . An in situ method for heating a hydrocarbon containing formation, comprising: 
applying an electrical/current to at least one elongated member to provide heat to 

at least a portion of the formation, wherein at least the one elongated member is disposed 
within an opening in the formation; 
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providing an oxidizing fluid to at least the one elongated member to substantially 
inhibit carbon deposition on or proximate to at least the one elongated member; and 

allowing heat to transfer from at least the one elqiigated member to a section of 
the formation. 

4052. The method of claim 405 1 , wherein at least }he one elongated member comprises 
a metal strip. 

4053. The method of claim 405 1 , wherein at l/ast the one elongated member comprises 
a metal rod. 

4054. The method of claim 405 1, whereijf at least the one elongated member comprises 
stainless steel. 

4055. The method of claim 405 1, further comprising supporting at least the one 
elongated member on a center support member. 

4056. The method of claim 405 1, further comprising supporting at least the one 
elongated member on a center support member, wherein the center support member 
comprises a tube. 

4057. The method of claim 405 1 , further comprising electrically isolating at least the 
one elongated member with a centralizer. 

4058. The method of claim 4051, further comprising laterally spacing at least the one 
elongated member with a centralizer. 



4059. The method of claim 405 1, further comprising electrically coupling at least the 
one elongated member in a series configuration. 



\ 
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4060. The method of claim 405 1, further comprising electrically coupling at least the 
one elongated member in a parallel configuration. 

/' . 

4061 . The method of claim 405 1, wherein the provide^ h^'at comprises approximately 
650 W/m to approximately 1650 W/m. 




4062. The method of claim 405 1 , further comprising determining a temperature 
distribution in at least the one elongated member'using an electromagnetic signal 
provided to at least the one elongated member./ 



4063. The method of claim 4051, further comprising monitoring the applied electrical 
current. 



/ 



4064. The method of claim 405 1 , further comprising monitoring a voltage applied to at 
least the one elongated member. / 

/ 

4065. The method of claim 405 1 , further comprising monitoring a temperature in at 
least the one elongated member \yith at least one thermocouple. 

/ 

4066. The method of claim 405 1 , further comprising supporting at least the one 
elongated member on a center support member, wherein the center support member 

comprises openings, wherein providing the oxidizing fluid to at least the one elongated 

j 

member comprises flowing the oxidizing fluid through the openings in the center support 
member. 



4067. The method of claim 405 1, wherein providing the oxidizing fluid to at least the 
one elongated member comprises flowing the oxidizing fluid through orifices in a tube 
disposed in the opening proximate to at least the one elongated member. 
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4068. The method of claim 405 1 , further comprising electrically coupling a lead-in 
conductor to at least the one elongated member, wherein the lead-in conductor comprises 
a low resistance conductor configured to generate substantially no heat. 

4069. The method of claim 405 1 , further comprising elefctrically coupling a lead-in 
conductor to at least the one elongated member using a^cold pin transition conductor. 

4070. The method of claim 405 1 , further comprising electrically coupling a lead-in 
conductor to at least the one elongated member usmg a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. / 

407 1 . The method of claim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

4072. The method of claim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein the overburden casing comprises steel. 



4073 . The method of claim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in cement. 

4074. The method of claim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

4075. The method of claim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening, and wherein the method further comprises inhibiting a flow of 
fluid between the opening and the overburden casing with the packing material. 
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4076. The method of claim 405 1 , further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some o^he carbon within the formation. 

4077. An in situ method for heating a hydrocarbpn containing formation, comprising: 
oxidizing a fuel fluid in a heater; 

providing at least a portion of the oxidised fuel fluid into a conduit disposed in an 
opening of the formation; 

allowing heat to transfer from the o^dized fuel fluid to a section of the formation; 

and 

allowing additional heat to transfer from an electric heater disposed in the opening 
to the section of the formation, wherein/heat is allowed to transfer substantially uniformly 
along a length of the opening. 

4078. The method of claim 4077, wherein providing at least the portion of the oxidized 
fuel fluid into the opening compri/es flowing the oxidized fuel fluid through a perforated 
conduit disposed in the opening. 

4079. The method of claim 4077, wherein providing at least the portion of the oxidized 
fuel fluid into the opening comprises flowing the oxidized fuel fluid through a perforated 
conduit disposed in the open/ng, the method further comprising removing an exhaust 
fluid through the opening. 

4080. The method of claiin 4077, further comprising initiating oxidation of the fuel fluid 
in the heater with a flame/ 

408 1 . The method of c|aim 4077, further comprising removing the oxidized fuel fluid 
through the conduit. 

4082. The method of Jblaim 4077, further comprising removing the oxidized fuel fluid 
through the conduit and providing the removed oxidized fuel fluid to at least one 
additional heater disposed in the formation. 
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4083. The method of claim 4077, wherein the conduit comprises an insulator disposed 
on a surface of the conduit, the method further comprising tapering a thickness of the 
insulator such that heat is allowed \y transfer substantially uniformly along a length of the 
conduit. 



4084. The method of claim 40^, whereiry the electric heater is an insulated conductor. 

4085. The method of claim 4(/77, wherein the electric heater is a conductor disposed in 
the conduit. 

4086. The method of claim 4077, wherein the electric heater is an elongated conductive 
member. ' ' 



4087. The method of claimJ4077, wherein the hydrocarbon containing formation 
comprises a coal containinglformation. 

4088. The method of claim 4077, wherein the hydrocarbon containing formation 
comprises an oil shale cont lining formation. 



4089. The method of claim 
comprises a heavy oil and/or 

4090. The method of clai m 
comprises a heavy oil and or 



4077, wherein the hydrocarbon containing formation 
tar containing permeable formation. 

4077, wherein the hydrocarbon containing formation 
tar containing impermeable formation. 



4091 . A system configured to heat a hydrocarbon containing formation, comprising: 

one or more heat sources disposed/within one or more open wellbores in the 
formation, wherein the one or more hoA sources are configured to provide heat to at least 
a portion of the formation during usk and 
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wherein the system is configured to allow heat to transfer from the one or mqj 
heat sources to a selected section of the formation during use. 

4092. The system of claim 4091, wherein the onepwrtSre heat sources comprise at least 
two heat sources, and wherein superposilieffof heat from at least the two heat sources 
pyrolyzes at least some hydropart5ons within the selected section of the formation. 



4093. The^sySfem of claim 4091, wherein the one or more heat sources comprise 
el§pfri£al heaters. 

4094. The system of claim 4091, wheraem'fne/me or more heat sources comprise surface 
burners. ' 



4095. The system of claim 4091, wherein the one or more heat sources compri^ 
flameless distributed combustors. 

4096. The system of claim 4091, wherein the one or more heat screes comprise natural 
distributed combustors. 

4097. The system of claim 4091, wherein the on^or more open wellbores comprise a 
diameter of at least approximately 5 cm. 



4098. The system of claim 4091, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the*1brmation. 




4099. Th€ system of claim 4091, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
aiywerburden of the formation, and wherein the overburden casing comprises steel. 
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4100. The system of claim 4091 , further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, and wherein the overburden casing is further dispgsed in 
cement. 

4101. The system of claim 409 1 , further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, and wherein a packing material indisposed at a junction 
of the overburden casing and the at least one of the one or more open wellbores. 

/ 

4102. The system of claim 4091, further comprising an overburden casing coupled to at 



least one of the one or more open wellbores, whereiiUhe overburden casing is disposed in 
an overburden of the formation, wherein a packing ^material is disposed at a junction of 
the overburden casing and the at least one of the^one or more open wellbores, and 



wherein the packing material is configured to^substantially inhibit a flow of fluid between 
at least one of the one or more open wellbores and the overburden casing during use. 




4103. The system of claim 4091, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation^ wherein a packing material is disposed at a junction of 
the overburden casing and^e at least one of the one or more open wellbores, and 
wherein the packing material comprises cement. 



4104. The system'of claim 4091, wherein the system is further configured to transfer 
heat such that th^ transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. 



4105. The system of claim 4091, further comprising a valve coupled to at least one of 
the one or more heat sources configured to control pressure within at least a majority of 
the selected section of the formation. 
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4106. The system of claim 4091, further comprising a valve coupled to a productior 
well configured to control a pressure within at least a majority of the selected section of 
the formation. 



4107. A method of treating a hydrocarbon containing formation in sitj< comprising: 
providing heat from one or more heat sources to at least one/portion of the 

formation, wherein the one or more heat sources are disposed \yixhin one or more open 
wellbores in the formation; 

allowing the heat to transfer from the one or moje'heat sources to a selected 
section of the formation; and 

producing a mixture from the formation. 

4108. The method of claim 4107, whereof the one or more heat sources comprise at 
least two heat sources, and wherein su|$erposition of heat from at least the two heat 
sources pyrolyzes at least some hj^ocarbons within the selected section of the 
formation. 

4109. The method ofplaim 4107, wherein controlling formation conditions comprises 
maintaining a temotfrature within the selected section within a pyrolysis temperature 
range with a loytfer pyrolysis temperature of about 250 °C and an upper pyrolysis 
temperature^of about 400 °C. 



41 10: The method of claim 4107, wherein the one or more heat sources comprise 
electrical heaters. 



4111. The method of claim 4107, whereiiVme one or more heat sources comprise 
surface burners. s*~'^ 

AW2. The method of claim 4107ywherein the one or more heat sources comprise 
flameless distributed combustoj^ 
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4113. The method of claim 4107, wherein jthe one or more heat sources comprise natural 
distributed combustors. 

4114. The method of claim 4107ywherein the one or more heat sources are suspended 
within the one or more open wejlbores. 

41 15. The method ov claim 4107, wherein a tube is disposed in at least one of the one or 
more open wellborey proximate to heat source, the method further comprising flowing a 
substantially constant amount a fluid into at least one of the one or more open wellbores 
through critical fldw orifices in the tube. 

41 16. The method of claim 4107, wherein a/perforated tube is disposed in at least one of 
the one or more open wellbores proximate^to the heat source, the method further 
comprising flowing a corrosion inhibiting fluid into at least one of the open wellbores 
through the perforated tube. 

4117. The method of claim 4 1G#, further comprising coupling an overburden casing to 
at least one of the one or moreyopen wellbores, wherein the overburden casing is disposed 
in an overburden of the formation. 

4118. The method of claim 4107, further comprising coupling an overburden casing to 
at least one of the one or more/open wellbores, wherein the overburden casing is disposed 
in an overburden of the formation, and wherein the overburden casing comprise steel. 

4119. The method of claim 4 1 07, further composing coupling an overburden casing to 
at least one of the one or more open wellboc^s, wherein the overburden casing is disposed 
in an overburden of the formation, and ^nerein the overburden casing is further disposed 
in cement. 
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4120. The method of claim 4107, further comprising coupling an overburden casing to 
at least one of the one or more open wellbores, wherein the overburden casing is disposed 
in an overburden of the formation, and wherein a packing material is disposed at a 
junction of the overburden casing and the at/least one of the one or more open wellbores. 

4121. The method of claim 4107, furthd^ comprising coupling an overburden casing to 
at least one of the one or more open wellbores, wherein the overburden casing is disposed 
in an overburden of the formation, an/ wherein the method further comprises inhibiting a 
flow of fluid between the at least one of the one or more open wellbores and the 
overburden casing with a packing piaterial. 

*f / 

41 22. The method of claim 4 1 07, further comprising heating at least the portion of the 

formation to substantially pyrolyze at least some of the carbon within the formation. 

4123. The method of claim 4107, further comprising^ontrolling a pressure and a 
temperature within at least a majority of the selectga section of the formation, wherein 
the pressure is controlled as a function of temg^ature, or the temperature is controlled as 
a function of pressure. 



4 1 24. The method of claim 4 1 07, further 90£rfprising controlling a pressure with the 
wellbore. 



4125. The method of claim 4107, further comprising controlling a pressure within at 
least a majority of the selected section of the formation with a valve coupled to at least 
one of the one or more heat sources. / 

4126. The method of claim 4107, further comprising controlling a pressure within at 
least a majority of the selected sectionpf the formation with a valve coupled to a 
production well located in the formation. 
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4127. The method of claim 4107, further comprising controlling the heat such that 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

4128. The method of claim 4107, wherein providing heat from the one op'more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity(C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons y within the selected volume of 
the formation; and 

wherein heating energy/day provided to the / volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, pg is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

4129. The method of^laim 4107, wherein allowing the heat to transfer from the one or 

more heat sources'to the selected section comprises transferring heat substantially by 

/ 

conduction. 



4130.^/The method of claim 4107, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
^portion of the selected section is greater than about 0.5 W/(m °C). 



4131. The method of claim 4107, wherein the prodded mixture comprises condensable 
hydrocarbons having an API gravity of at least ajrout 25°. 

4132. The method of claim 4107, wherem the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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4133. The method of claim 41 07, wherein the produced mixturef comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethen/ to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to abouU0.15. 

41 34. The method of claim 41 07, wherein the producecbmixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. / 

4135. The method of claim 4107, wherein the Deduced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 °/Jby weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

4136. The method of claim 4107, wherem the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

4137. The method of claim 4 107( wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5% by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

4138. The method of claim 4107, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the conden^ble hydrocarbons is sulfur. 

4139. The method of claim 4107, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons acre aromatic compounds. 
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4140. The method of claim 4107, wherein the produced mixture comprises condens^bf? 
hydrocarbons, and wherein less than about 5 % by weight of the condensabkX^^ 
hydrocarbons comprises multi-ring aromatics with more than twojji*g£^ 

4141. The method of claim 4 1 07, wherein th^pfoduced mixture comprises condensable 
hydrocarbons, and wherein less thaj^abtfut 0.3 % by weight of the condensable 
hydrocarbons are asphalterjps^^^ 

4142. The^*f£thod of claim 4107, wherein the produced mixture comprises condensable 
hydropdn>ons, and wherein about 5 % by weight to about 30 % by weight of the 
tfoifaensable hydrocarbons are cycloalkanes. 



4143. The method of claim 4107, wherein the practiced mixture comprises a non- 
condensable component, wherein the non-copdensable component comprises hydrogen, 
and wherein the hydrogen is greater tharfabout 1 0 % by volume of the non-condensable 
component and wherein the hy^gerTis less than about 80 % by volume of the non- 
condensable component. 



4144. The method of claim 4107, wherein t^e produced mixture comprises ammonia, 
and wherein greater than about 0.05 % b^veight of the produced mixture is ammonia. 

4145. The method of claim 4107, ymerein the produced mixture comprises ammonia, 
and wherein the ammonia is nscd/o produce fertilizer. 

4146. The method of claim 4107, further comprising controlling aj>ress 
least a majority of the selected section of the formatiorT 



4 1 47. The methgd of claim 4107, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
^islatleast about 2.0 bar absolute. 
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4148. The method of claim 4 1 07, further comprising controlling formation conditions 
such that the produced mixture comprises a partial pressure of H 2 within the mixture 
greater than about 0.5 baj/ 

4149. The method of claim 4148, wfe^rein the partial pressure of H 2 is measured when 
the mixture is at a production v^fL 

4150. The method of claim 4107, wherein controlling formation conditions comprigg 
recirculating a portion of hydrogen from the mixture into the formation. 

4151. The method of claim 4 1 07, further comprising.alt€nng a pressure within the 
formation to inhibit production of hydroc^ons^om the formation having carbon 
numbers greater than about 25. 



41 52. The method of claim 4 1 07, further comprising: 
providing Jiydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

4153. The method of claim 4107, wherein the o^oduced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons v^m at least a portion of the produced hydrogen. 



4154. The method of claim 4 1 07, wherein allying the heat to transfer comprises 
increasing a permeability of a majority of th^r selected section to greater than about 100 
millidarcy. 

4155. The method of claim 4107, wherein allowing the heat to transfer comprises 
substantially uniformly increasing permeability of a majority of the selected section. 
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41 56. The method of claim 4107, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 



Assay. 



4157. The method of claim 4 1 07, wherein producing the mixture comprises produci 
the mixture in a production well, and wherein at least about 7 heat sources are djstfosea in 
the formation for the production well. 

4158. The method of claim 4107, further comprising^pi^yiding heat from three or more 
heat sources to at least a portion of the formatiorvwherein three or more of the heat 
sources are located in the formation in a unito'f heat sources, and wherein the unit of heat 
sources comprises a triangular patterns 




4159. The method of claim 4 1 07, further comprising providing heat from three or more 
heat sources to a^teast a portion of the formation, wherein three or more of the heat 
sources ar^4^cated in the formation in a unit of heat sources, wherein the unit of heat 
souce^s comprises a triangular pattern, and wherein a plurality of the units are repeated 
)ver an area of the formation to form a repetitive pattern of units. 

4160. The method of claim 4107, further comprising separating the produced^ 
into a gas stream and a liquid stream. 

4161. The method of claim 4107, furthei^rrffmsing separating the produced mixture 
into a gas stream and a liquid stjparffand separating the liquid stream into an aqueous 
stream and a non-aquep#<stream. 



4162. Xfe^method of claim 4107, wherein the produced mixture comprises H 2 S, the 
mdtfod further comprising separating a portion of the H2S from non-condensable 
lydrocarbons. 
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4163. The method of claim 4107, wherein the producpd^nixture comprises CC>2 5 the 
method further comprising separating a portion qptne CO2 from non-condensable 
hydrocarbons. 

4164. The method of claim 4107, wherein the mixture is produced from a production 
well, wherein the heating is controlled such that the mixture can be produced from the 
formation as a vapor. 

4165. The method of claim 4107, whereh/the mixture is produced from a production 
well, the method further comprising hesrung a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 

41 66. The method of claim 4107, wherein the mixture is produced from aproc 
well, wherein a wellbore of the production well comgflses-a-heSTer element configured to 
heat the formation adjacent to thewgUbcrfST^d further comprising heating the formation 
with the heater eleflajeettffproduce the mixture, wherein the mixture comprises a large 

T s Con3ensable hydrocarbon gas component and H2. 

4167. The method of claim 4107, wherein the selected section is heated to a minimjj 
pyrolysis temperature of about 270 °C. 

4168. The method of claim 4107, further comprising maintaitung the pressure within the 
formation above about 2.0 bar absolute to inhibit^protiuction of fluids having carbon 
numbers above 25. 



4 1 69. The method ofc^rrf4 1 07, further comprising controlling pressure within the 
formation in a rangeirom about atmospheric pressure to about 100 bar, as measured at a 



wellhead of a^production well, to control an amount of condensable hydrocarbons within 
the produced mixture, wherein the pressure is reduced to increase production of 
condensable hydrocarbons, and wherein the pressure is increased to increase production 



cojk! 
/of no 



of non-condensable hydrocarbons. 
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4 1 70. The method of claim 4 1 07, further comprisjiig controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar, as measured at a 
wellhead of a production well, to control an /lPI gravity of condensable hydrocarbons 
within the produced mixture, wherein th^pressure is reduced to decrease the API gravity, 
and wherein the pressure is increased to reduce the API gravity. 



4171. A mixture produced from a portion qi a hydrocarbon containing formation, the 
mixture comprising: 

an olefin content of less than about 10% by weight; and 

an average carbon number less than about 35. 



4 1 72. The mixture of claim 4171, 
than about 30. 



ler comprising an average carbon number less 



4173. The mixture of claim 4171, /iirther comprising an average carbon number less 
than about 25. 

4 1 74. The mixture of claim 4 1 1JY , further comprising: 
non-condensable hydroc/irbons comprising hydrocarbons having carbon numbers 

of less than 5; and 

wherein a weight ratio/of the hydrocarbons having carbon numbers from 2 
through 4, to methane, in the mixture is greater than approximately 1 . 



4175. The mixture of claim 4171, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 



condensable hydrocarbons 



calculated on an atomic b* sis, of the condensable hydrocarbons is oxygen, and wherein 



less than about 1 % by wei 
hydrocarbons is sulfur. 



is nitrogen, wherein less than about 1 % by weight, when 



ght, when calculated on an atomic basis, of the condensable 
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4176. The mixture of claim 4171, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is/ammonia. 



4 1 77. The mixture of claim 4171, further comprising condensable hydrocarbons, 
wherein an olefin content of the condensable hydrocarbons is greater than about 0.1 % by 
weight of the condensable hydrocarbons, ancywherein the olefin content of the 
condensable hydrocarbons is less than aboujr 15 % by weight of the condensable 
hydrocarbons. 

4178. The mixture of claim 4171, further comprising condensable hydrocarbons, 
wherein less than about 1 5 % by weighy of the condensable hydrocarbons have a carbon 
number greater than about 25. 

4179. The condensable hydrocarbons of claim 4178, wherein less than about 1 % by 
weight, when calculated on an atomic basis, of the condensable hydrocarbons is nitrogen, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen, and wherein less than about 1 % by weight, when 
calculated on an atomic basis, of trie condensable hydrocarbons is sulfur. 



4180. The mixture of claim 417f7, further comprising condensable hydrocarbons, 
wherein greater than about 20 °/J by weight of the condensable hydrocarbons are aromatic 
compounds. 



4181. The mixture of claim 4171, further comprising: 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than about 5, wherein a weight ratio of the hydrocarbons having carbon number 
from 2 through 4, to methane, in the mixture is greater than approximately 1 ; 

wherein the non-condensable hydrocarbons further comprise H2, wherein greater 
than about 15 % by weight of the non-condensable hydrocarbons comprises H2; and 

condensable hydrocarbons, comprising: 



\ 
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oxygenated hydrocarbons, wherein greater than about 1.5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; and 

aromatic compounds, wherein greater than about 20 % by weight of the 
condensable hydrocarbons comprises aromatic compounds. 

/ 

41 82. The mixture of claim 4171, further comprising: 

condensable hydrocarbons, whereii/less than about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; j 

wherein the condensable hydrocarbons further comprise: 

oxygenated hydrocarbons, wherein greater than about 5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; and 

aromatic compounds, wherein greater than about 30 % by weight of the 
condensable hydrocarbons comprises aromatic compounds; and 

non-condensable hydrocarbons comprising H2, wherein greater than about 15 % 
by weight of the non-condensat>le hydrocarbons comprises H2. 

4183. The mixture of claim 4171, further comprising a condensable mixture, 
comprising: 

olefins, wherein about 0.1 % by weight to about 15 % by weight of the 
condensable mixture comprises olefins; and 

asphaltenes, wherein less than about 0. 1 % by weight of the condensable mixture 
comprises asphaltenes. 

41 84. The condensable mixture of claim 41 83, further comprising, oxygenated 
hydrocarbons, wherein less than about 15 % by weight of the condensable mixture 
comprises oxygenated hydrocarbons; 

41 85. The mixture of claim 4171, further comprising a condensable mixture, 
comprising: 
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olefins, wherein about 0.1 % by weight to about 2 % by weight of the 
condensable mixture comprises olefins; and 

multi-ring aromatics, wherein less than about 2 % by weight of the condensable 
mixture comprises multi-ring aromatics with more than two rings. 

4 1 86. The condensable mixture of claim 41 84, further comprising oxygenated 
hydrocarbons, wherein greater than about 25 % by weight of the condensable mixture 
comprises oxygenated hydrocarbons. / 

4187. The mixture of claim 4171, further comprising: 

non-condensable hydrocarbons, wherein the non-condensable hydrocarbons 
comprise H2, wherein greater than about 10 f/o by weight of the non-condensable 
hydrocarbons comprises H2; / 

ammonia, wherein greater than ab©ut 0.5 % by weight of the mixture comprises 
ammonia; and / 

hydrocarbons, wherein a weighyratio of hydrocarbons having greater than about 2 
carbon atoms, to methane, is greater than about 0.4. 

4188. A mixture produced from a portion of a hydrocarbon containing formation, the 
mixture, comprising: / 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5; and / 

wherein a weight ratio c£ the hydrocarbons having carbon numbers from 2 
through 4, to methane, in the ipixture is greater than approximately 1 . 

4189. The mixture of clairr 
wherein about 0.1 % by we| 
are olefins. 

4 1 90. The mixture of cl 
condensable hydrocarbor 
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Ml 75, further comprising condensable hydrocarbons, 

>ht to about 15 % by weight of the condensable hydrocarbons 



im 4175, wherein a molar ratio of ethene to ethane in the non- 
ranges from about 0.001 to about 0. 1 5. 



4191. The mixture of claim 4 1 75 , further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

4192. The mixture of claim 4175, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an/atomic basis, of the 
condensable hydrocarbons is oxygen. / 

4193. The mixture of claim 41 75, further comprising condensable hydrocarbons, 
wherein about 5 % by weight to about 30 % by weigh/of the condensable hydrocarbons 
comprise oxygen containing compounds, and wherein the oxygen containing compounds 
comprise phenols. / 

4194. The mixture of claim 4175, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, wherv^alculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. / 

4195. The mixture of claim 4175, further comprising condensable hydrocarbons, 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. / 

4196. The mixture of claim 4175, nirther comprising condensable hydrocarbons, 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than twp rings. 

4 1 97. The mixture of claim 4 
wherein less than about 0.3 % J 
asphaltenes. / 



75, further comprising condensable hydrocarbons, 
weight of the condensable hydrocarbons are 
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4198. The mixture of claim 4175, further comprising condensable hydrocarbons, 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
comprise cycloalkanes. 

I 

4199. The mixture of claim 4175, wherein the non-condensable hydrocarbons further 
comprises hydrogen, wherein the hydrogen is greater than/about 10 % by volume of the 
non-condensable hydrocarbons, and wherein the hydrogen is less than about 80 % by 
volume of the non-condensable hydrocarbons. 

4200. The mixture of claim 4175, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture/is ammonia. 

4201. The mixture of claim 4175, further comprising ammonia, wherein the ammonia is 
used to produce fertilizer. / 



4202. The mixture of claim 41 75, further comprising condensable hydrocarbons, 
wherein less than about 15 weight % of the condensable hydrocarbons have a carbon 
number greater than approximately 25. 



4203 . The mixture of claim 4 1 75 /further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprise olefins, and wherein about 0.1 % to 
about 5 % by weight of the condensable hydrocarbons comprises olefins. 



4204. The mixture of claim 41 75, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprises olefins, and wherein about 0.1 % to 
about 2.5 % by weight of the condensable hydrocarbons comprises olefins. 

4205 . The mixture of claim 4 1 75 , further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprise oxygenated hydrocarbons, and wherein 
greater than about 5 % py weight of the condensable hydrocarbons comprises oxygenated 
hydrocarbons. 
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4206. The mixture of claim 4175, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 

/ 



1 
\ 

4207. The mixture of claim 4175, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H2. 

4208. The mixture of claim 4175, wherein a^eight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater than about 0.3. 

4209. A mixture produced from a portion of a hydrocarbon containing formation, the 
mixture comprising: 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5, wherein a weight rati o/of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than approximately 1; and 

condensable hydrocarbons /comprising oxygenated hydrocarbons, wherein greater 

/ 

than about 5 % by weight of the condensable component comprises oxygenated 
hydrocarbons. j 

1 

i 

1 

4210. The mixture of claim 4209, wherein about 0. 1 % by weight to about 15 % by 

weight of the condensable hydrocarbons are olefins. 

/ 

421 1 . The mixture of claim 4209, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4212. The mixture of claim 4209, wherein less than about 1 % by weight, when 

/ 

calculated on an atomic basis, of the condensable hydrocarbons is nitrogen. 



875 



Conley, Rose & Tayon, P.C 



42 13. The mixture of claim 4209, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is oxygen. 



42 14. The mixture of claim 4209, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is sulfur. 

// 

4215. The mixture of claim 4209, wherein about/5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4216. The mixture of claim 4209, wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4217. The mixture of claim 4209, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



4218. The mixture of claim 4209, wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are aspha/tenes. 



4219. The mixture of claim 4209/ wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocLbons are cycloalkanes. 



4220. The mixture of claim 4209, wherein the non-condensable hydrocarbons comprises 
hydrogen, wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable hydrocarbons, and wherein the hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. 



4221 . The mixture of claim 4209, wherein the produced mixture comprises ammonia, 
and wherein greater than abjout 0.05 % by weight of the produced mixture is ammonia. 
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4222. The mixture of claim 4209, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

4223. The mixture of claim 4209, wherein less than aliout 5 weight % of the 
condensable hydrocarbons in the mixture have a carbpn number greater than 
approximately 25. 

4224. The mixture of claim 4209, wherein the (Condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % to pbouX 5 % by weight of the condensable 
hydrocarbons comprises olefins. 

4225. The mixture of claim 4209, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1/% to about 2.5 % by weight of the condensable 
hydrocarbons comprises olefins. 

4226. The mixture of claim 4209, ^herein the non-condensable hydrocarbons further 
comprise H2, wherein greater than about 5 % by weight of the mixture comprises H2. 

4227. The mixture of claim 4209, wherein the non-condensable hydrocarbons further 
comprise H2, wherein greater tMan about 15 % by weight of the mixture comprises H2. 

4228. The mixture of claim/4209, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, 10 methane, is greater than about 0.3. 

4229. A mixture produced from a portion of a hydrocarbon containing formation, the 
mixture comprising: 

non-condensabl^ hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5, wherein/a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane/ is greater than approximately 1 ; 

condensable hydrocarbons; 
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wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons comprises nitrogen; >' ' 

wherein less than about 1 % by weight, whe^ calculated on an atomic basis, of the 
condensable hydrocarbons comprises oxygen; anc 

wherein less than about 1 % by weight, ^vhen calculated on an atomic basis, of the 
condensable hydrocarbons comprises sulfur. 

4230. The mixture of claim 4229, furthei/comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced/mixture is ammonia. 

423 1 . The mixture of claim 4229, wherein less than about 5 weight % of the 
condensable hydrocarbons have a carbon number greater than approximately 25. 



4232. The mixture of claim 4229, wherein the condensable hydrocarbons comprise 
olefins, and wherein about 0.1 y % by weight to about 15 % by weight of the condensable 
hydrocarbons are olefins. 



4233. The mixture of claim 4229, wherein a molar ratio of ethene to ethane in the non- 

/ 

condensable hydrocarbons ranges from about 0.001 to about 0.15. 

/ 

4234. The mixture of claim 4229, wherein about 5 % by weight to about 30 % by 

K 

weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 



4235. The mixture of claim 4229, wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



4236. The mixture of claim 4229, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 
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4237. The mixture of claim 4229, wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. / 

4238. The mixture of claim 4229, wherein about 5% by weight to about 30 % by 
weight of the condensable hydrocarbons are cycloalkanes. 

4239. The mixture of claim 4229, wherein the non-condensable hydrocarbons comprises 
hydrogen, and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable hydrocarbons and wherein Jne hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. 

4240. The mixture of claim 4229, /further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4241 . The mixture of claim 4229, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

4242. The mixture of claim 4229, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable component comprises oxygenated hydrocarbons. 



4243. The mixture of claim 4229, wherein the non-condensable hydrocarbons comprise 
Fk, and where 
comprises H2. 



ire < 

Fb, and wherein greater than about 5 % by weight of the non-condensable hydrocarbons 



4244. The mixture of claim 4229, wherein the non-condensable hydrocarbons comprise 
H 2 , and wherein greater than about 15 % by weight of the mixture comprises H 2 . 



4245. The mixture of claim 4229, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater, than about 0.3. 
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4246. A mixture produced from a portion of a hydrocarbon containing formation, the 
mixture comprising: 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5, wherein a weight ratio of hydrocarbons4iaving carbon numbers from 2 
through 4, to methane, is greater than approximately 1 ; 

ammonia, wherein greater than about 0.5 f/o by weight of the mixture comprises 
ammonia; and 

condensable hydrocarbons comprising oxygenated hydrocarbons, wherein greater 
than about 5 % by weight of the condensable hydrocarbons comprises oxygenated 
hydrocarbons. 

4247. The mixture of claim 4246, wherein the condensable hydrocarbons further 
comprise olefins, and wherein aboutrO.l % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

4248. The mixture of claim 4246, wherein the non-condensable hydrocarbons further 
comprise ethene and ethane, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ralnges from about 0.001 to about 0.15. 

4249. The mixture of claim 4246, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 

4250. The mixture pf claim 4246, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 



425 1 . The mixture of claim 4246, wherein the condensable hydrocarbons further 
comprise sulfur/ and wherein less than about 1 % by weight, when calculated on an 
atomic basis, oi the condensable hydrocarbons is sulfur. 
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4252. The mixture of claim 4246, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about j % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 



4253. The mixture of claim 4246, wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 



4254. The mixture of claim 4246, wherein'the condensable hydrocarbons further 
comprise multi-aromatic rings, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4255. The mixture of claim 4246, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4256. The mixture of claim 4246, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4257. The mixture of claim 4246, wherein the non-condensable hydrocarbons further 
comprise hydrogen, wherein the hydrogen is greater than about 10 % by volume of the 
non-condensable hydrocarbons, and wherein the hydrogen is less than about 80 % by 
volume of the non-condensable hydrocarbons. 

4258. The mixture of claim 4246, wherein the produced mixture further comprises 
ammonia, and wherein greater than about 0.05 % by weight of the produced mixture is 
ammonia. 




condensable hydrocarbons are aromatic compounds. 
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4259. The mixture of claim 4246, wherein the produced mixture further comprises 
ammonia, and wherein the ammonia is used to produce fertilizer. 

4260. The mixture of claim 4246, wherein the condensable hydrocarbons comprise 
hydrocarbons having a carbon number of greater than approximately 25, and wherein less 
than about 15 weight % of the hydrocarbons in the mixture^iave a carbon number greater 
than approximately 25. 



10 



4261 . The mixture of claim 4246, wherein the non-ccmdensable hydrocarbons further 
comprise H^, and wherein greater than about 5 % by/weight of the mixture comprises H2. 
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4262. The mixture of claim 4246, wherein the non-condensable hydrocarbons further 
comprise H2, and wherein greater than about lp % by weight of the mixture comprises 
H 2 . 

4263. The mixture of claim 4246, wherei4 the non-condensable hydrocarbons further 
comprise hydrocarbons having carbon numbers of greater than 2, wherein a weight ratio 
of hydrocarbons having carbon numbeys greater than 2, to methane, is greater than about 
0.3. 

4264. A mixture produced from ^/portion of a hydrocarbon containing formation, the 
mixture comprising: 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than approximately 1 ; and 

condensable hydrocarbons comprising olefins, wherein less than about 10 % by 
weight of the condensable hydrocarbons comprises olefins. 



4265. The mixture of claim 4264, wherein the non-condensable hydrocarbons further 
30 comprise ethene and ethane, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbon^ ranges from about 0.001 to about 0.15. 
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4266. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by/ weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is^ni^ogen. 

4267. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about' 1 % by weight, when calculated on an . 
atomic basis, of the condensable hydrocarbons is oxygen. 



4268. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than^bout 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 



4269. The mixture of claim 4264, wherein the condensable hydrocarbons further 

comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 

/ 

weight of the condensable hydrocarbons comprise oxygen containing compounds, and 

/ 

wherein the oxygen containing compounds comprise phenols. 

/ 

4270. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



4271. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4272. The mixture of claim 4264, wherein the condensable hydrocarbons further 

comprise aspljaltenes, and wherein less than about 0.3 % by weight of the condensable 

/ 

hydrocarbons are asphaltenes. 
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4273. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4274. The mixture of claim 4264, wherein the non-condensable hydrocarbons further 
comprise hydrogen, and wherein the hydrogen is greater than about/10 % by volume of 
the non-condensable hydrocarbons and wherein the hydrogen is l/ss than about 80 % by 
volume of the non-condensable hydrocarbons. 

4275. The mixture of claim 4264, wherein the produced n/ixture further comprises 
ammonia, and wherein greater than about 0.05 % by weight of the produced mixture is 
ammonia. 

4276. The mixture of claim 4264, wherein the produced mixture further comprises 
ammonia, and wherein the ammonia is used to produce fertilizer. 

4277. The mixture of claim 4264, wherein tj/e condensable hydrocarbons further 
comprise hydrocarbons having a carbon number of greater than approximately 25, and 
wherein less than about 15 % by weight o/ the hydrocarbons have a carbon number 
greater than approximately 25. 

4278. The mixture of claim 4264, wfierein about 0. 1 % to about 5 % by weight of the 
condensable component comprises yolefins. 

4279. The mixture of claim 4204, wherein about 0. 1 % to about 2 % by weight of the 
condensable component comprises olefins. 

4280. The mixture of claim/4264, wherein the condensable hydrocarbons further 
comprise oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 
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428 1 . The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise oxygenated hydrocarbons, and wherein greater than about 25 % by weight of 
the condensable component comprises oxygenated hydrocarbons. 

4282. The mixture of claim 4264, wherein the non-condensable Hydrocarbons further 
comprise H2, and wherein greater than about 5 % by weight of tpe non-condensable 
hydrocarbons comprises H2. 




4283. The mixture of claim 4264, wherein the non-condensable hydrocarbons further 
comprise H 2 , and wherein greater than about 15 % by weight of the non-condensable 
hydrocarbons comprises H2. 



4284. The mixture of claim 4264, wherein a weight /atio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater than about 0.3. 



4285. A mixture produced from a portion of a hydrocarbon containing formation, 
comprising: j 

condensable hydrocarbons, wherein less than about 15 weight % of the 
condensable hydrocarbons have a carbon number greater than 25; and 

wherein the condensable hydrocarbons comprise oxygenated hydrocarbons, and 
wherein greater than about 5 % by weighyof the condensable hydrocarbons comprises 
oxygenated hydrocarbons. 

4286. The mixture of claim 4285, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1. 

4287. The mixture of claim 428p, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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4288. The mixture of claim 4285, further comprising non^condensable hydrocarbons, 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 



4289. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about \j/o by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 



4290. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than abdut 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 



4291 . The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 



4292. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 



4293. The mixture of claim 4285, wherein the condensable hydrocarbons further 

comprise aromatic compounds, and wherein greater than about 20 % by weight of the 

/ 

condensable hydrocarbons are aromatic compounds. 

/ 
/ 

jf 

4294. The mixture of plaim 4285, wherein the condensable hydrocarbons further 

| 

comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 
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4295. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4296. The mixture of claim 4285, wherein the condensable hy&focarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to ^oout 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4297. The mixture of claim 4285, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise Hydrogen, and wherein the 
hydrogen is greater than about 10 % by volume of the non-condensable hydrocarbons and 
wherein the hydrogen is less than about 80 % by volume of the non-condensable 
hydrocarbons. 

4298. The mixture of claim 4285, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4299. The mixture of claim 4285, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

4300. The mixture of claim 4285, whei/ein the condensable hydrocarbons further 
comprises olefins, and wherein less th^n about 10 % by weight of the condensable 
hydrocarbons comprises olefins. 

4301 . The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprises olefins, and wherein abo/it 0.1 % to about 5 % by weight of the condensable 
hydrocarbons comprises olefins. 

4302. The mixture of claim 4283, wherein the condensable hydrocarbons further 
comprises olefins, and wherein afout 0.1 % to about 2 % by weight of the condensable 
hydrocarbons comprises olefins. 
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4303. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprises oxygenated hydrocarbons, and wherein greater than about 5 % by weight of 
the condensable hydrocarbons comprises the oxygenated/nydrocarbon. 

4304. The mixture of claim 4285, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, wherein greater than about 5 % 
by weight of the non-condensable hydrocarbons comprises H2. 

4305. The mixture of claim 4285, furtherycomprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, wherein greater than about 15 
% by weight of the non-condensable hydrocarbons comprises H2. 

4306. The mixture of claim 4285, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater than about 0.3. 

4307. A mixture produced from a portion of a hydrocarbon containing formation, 
comprising: / 

condensable hydrocarbons, wherein less than about 15 % by weight of the 
condensable hydrocarbons have a carbon number greater than about 25; 

wherein less than about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic basis, is nitrogen; 

wherein less thaiy about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic/basis, is oxygen; and 

wherein less than about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic basis, is sulfur. 

4308. The mixture of claim 4307, further comprising non-condensable hydrocarbons, 
wherein the non-condensable component comprises hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1 . 
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4309. The mixture of claim 4307, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

5 

43 10. The mixture of claim 4307, further comprising non-condensable hydrocarbons, 
and wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons 
ranges from about 0.001 to about 0.15. 

10 43 1 1 . The mixture of claim 4307, wherein the condensable hydrocarbons further 

comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 

q / 

.|| weight of the condensable hydrocarbons comprise'oxygen containing compounds, and 
wherein the oxygen containing compounds conjprise phenols. 

M 

j«l5 43 12. The mixture of claim 4307, whereirythe condensable hydrocarbons further 
!?f / 

I'M comprise aromatic compounds, and wherein greater than about 20 % by weight of the 

n / 
p condensable hydrocarbons are aromatic^ompounds. 

41 43 1 3. The mixture of claim 4307, wherein the condensable hydrocarbons further 

C) / 

|J20 comprise multi-ring aromatics, and' wherein less than about 5 % by weight of the 

/ 

condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



43 14. The mixture of claim ^307, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
25 hydrocarbons are asphaltenes. 



43 15. The mixture of claim 4307, wherein the condensable hydrocarbons further 

/ 

comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 

/ 

condensable hydrocarbons are cycloalkanes. 

30 



889 Conley, Rose & Tayon, P.C. 



43 1 6. The mixture of claim 4307, further comprising non-condensable hydrocarbons, 
and wherein the non-condensable hydrocarbons comprise hydrogen, and wherein greater 
than about 10 % by volume and less than about 80 % by volun>e of the non-condensable 
component comprises hydrogen. 

43 1 7. The mixture of claim 4307, further comprising ammonia, and wherein greater 

/ i 

than about 0.05 % by weight of the produced mixture is ammonia. 

43 18. The mixture of claim 4307, further compris/ng ammonia, and wherein the 
ammonia is used to produce fertilizer. 

43 19. The mixture of claim 4307, wherein thef condensable component further 
comprises olefins, and wherein about 0. 1 % p about 5 % by weight of the condensable 
component comprises olefins. 

4320. The mixture of claim 4307, wherein the condensable component further 
comprises olefins, and wherein about (f.l % to about 2.5 % by weight of the condensable 
component comprises olefins. 

4321 . The mixture of claim 4307/ wherein the condensable hydrocarbons further 
comprise oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4322. The mixture of claim A307, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H 2 , and wherein greater than about 
5 % by weight of the non-oondensable hydrocarbons comprises H2. 



4323. The mixture of ctyim 4307, further comprising non-condensable hydrocarbons, 
wherein the non-condens(able hydrocarbons comprise H 2 , and wherein greater than about 
15 % by weight of the ndn-condensable hydrocarbons comprises H 2 . 
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4324. The mixture of claim 4307, further comprising non-condensable hydrocarbons, 
wherein a weight ratio of compounds within the non-condensable hydrocarbons having 
greater than about 2 carbon atoms, to methane, is greater th£n about 0.3. 

4325. A mixture produced from a portion of a hydro^bon containing formation, 
comprising: 

condensable hydrocarbons, wherein less th^n about 1 5 % by weight of the 
condensable hydrocarbons have a carbon numbe/ greater than 20; and 

wherein the condensable hydrocarbons Comprise olefins, wherein an olefin 
content of the condensable component is less/than about 1 0 % by weight of the 
condensable component. 

4326. The mixture of claim 4325, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1 . 

4327. The mixture of claim 4325 /wherein the condensable hydrocarbons further 
comprise olefins, and wherein abtfut 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

4328. The mixture of claim 4(325, further comprising non-condensable hydrocarbons, 
and wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons 
ranges from about 0.001 to about 0.15. 



4329. The mixture of clatfn 4325, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 



\ 
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4330. The mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. / 



433 1. The mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulf 

4332. The mixture of claim 4325, wherein the corfdensable hydrocarbons, wherein about 
5 % by weight to about 30 % by weight of the coridensable hydrocarbons comprise 
oxygen containing compounds, and wherein the/oxygen containing compounds comprise 
phenols. 

4333. The mixture of claim 4325, wherein/the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4334. The mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4335. The mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wheyein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes./ 



4336. The mixture of claiy 4325, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



4337. The mixture of claim 4325, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprises hydrogen, and wherein the 
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hydrogen is about 10 % by volume to about 80 % by volume of the non-condensable 
hydrocarbons. 



4338. The mixture of claim 4325, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

4339. The mixture of claim 4325, further comprisii/g ammonia, and wherein the 
ammonia is used to produce fertilizer. 

4340. The mixture of claim 4325, wherein abgdt 0.1 % to about 5 % by weight of the 
condensable component comprises olefins. 

4341. The mixture of claim 4325, whereii/about 0.1 % to about 2 % by weight of the 
condensable component comprises olefins 

4342. The mixture of claim 4325, wherein the condensable component further 
comprises oxygenated hydrocarbons, and wherein greater than about 1.5 % by weight of 
the condensable component comprises oxygenated hydrocarbons. 

4343. The mixture of claim 4325,/wherein the condensable component further 
comprises oxygenated hydrocarbons, and wherein greater than about 25 % by weight of 
the condensable component comprises oxygenated hydrocarbons. 

4344. The mixture of claim 4325, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 



4345. The mixture of claim 4325, further comprising non-condensable hydrocarbons, 
wherein the non-condensablp hydrocarbons comprise H2, and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H2. 
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4346. The mixture of claim 4325, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 0.3. 

4347. A mixture produced from a portion of a hydrocarbon containing formation, 
comprising: 

condensable hydrocarbons, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; and 

wherein the condensable hydrocarbons further comprise aromatic compounds, 
wherein more than about 20 % by weight 9f the condensable hydrocarbons comprises 
aromatic compounds. 

4348. The mixture of claim 4347, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein/a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1 . 



4349. The mixture of claim 43^7, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



4350. The mixture of claim 4347, further comprising non-condensable hydrocarbons, 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about/0.15. 



435 1 . The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 
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4352. The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4353. The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 %f by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

4354. The mixture of claim 4347, wherein me condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons Comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4355. The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4356. The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes/ 

4357. The mixture of claim 4347, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4358. The mixture of claim 4347, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrogen, and wherein the 
hydrogen is greater than about 10 % by volume and less than about 80 % by volume of 
the non-condensable hydrocarbons. 
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4359. The mixture of claim 4347, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4360. The mixture of claim 4347, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

4361 . The mixture of claim 4347, wherein me condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 %/o about 5 % by weight of the condensable 
hydrocarbons comprises olefins. 

4362. The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprises olefins, and wherein abo/lt 0.1 % to about 2 % by weight of the condensable 
hydrocarbons comprises olefins. 

4363. The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprises multi-ring aromatic compounds, and wherein less than about 2 % by weight of 
the condensable hydrocarbons comprises multi-ring aromatic compounds. 

4364. The mixture of daim 4347, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 1.5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4365. The mixture of claim 4347, wherein the condensable hydrocarbons comprises 
oxygenated hyd^/carbons, and wherein greater than about 25 % by weight of the 
condensable component comprises oxygenated hydrocarbons. 

4366. The mixture of claim 4347, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
5 % by weignt of the non-condensable hydrocarbons comprises H2. 
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4367. The mixture of claim 4347, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H 2 . 

4368. The mixture of claim 4347, further comprising^on-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise/hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio off hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 0.3. 

4369. A mixture produced from a portion oil hydrocarbon containing formation, 
comprising: / 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than about 5, wherein a weight ratio of the hydrocarbons having carbon number 
from 2 through 4, to methane, in the mixture is greater than approximately 1 ; 

wherein the non-condensable hydrocarbons further comprise H2, wherein greater 
than about 15 % by weight of the non-condensable hydrocarbons comprises H2; and 
condensable hydrocarbons/comprising: 

oxygenated hydrocarbons, wherein greater than about 1 .5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; 

olefins, whereir/ less than about 10 % by weight of the condensable 
hydrocarbons comprises olefins; and 

aromatic compounds, wherein greater than about 20 % by weight of the 
condensable hydrocarbons/comprises aromatic compounds. 

4370. The mixture of c/aim 4369, wherein the non-condensable hydrocarbons further 
comprise ethene and etMane, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4371 . The mixture 6f claim 4369, wherein the condensable hydrocarbons further 
comprise nitrogen, ind wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 



897 



Conley, Rose & Tayon, P.C. 



4372. The mixture of claim 4369, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 %)by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4373. The mixture of claim 4369, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 P/o by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

4374. The mixture of claim 4369, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4375. The mixture of claim 4369, wherein the condensable hydrocarbons comprise 
multi-ring aromatics, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring/aromatics with more than two rings. 

4376. The mixture of claim 4369, wherein the condensable hydrocarbons comprise 
asphaltenes, and wherein less thpn about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4377. The mixture of claim A369, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein apout 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



4378. The mixture of claim 4369, wherein the non-condensable hydrocarbons further 



comprises hydrogen, and 
80 % by volume of the non 



herein greater than about 10 % by volume and less than about 
-condensable hydrocarbons. 
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4379. The mixture of claim 4369, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4380. The mixture of claim 4369, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. / 

438 1 . The mixture of claim 4369, wherein the condensable hydrocarbons further 
comprise hydrocarbons having a carbon number of greater than approximately 25, 
wherein less than about 1 5 % by weight of the hydrocarbons have a carbon number 
greater than approximately 25. / 

4382. The mixture of claim 4369, wherein about 0. 1 % to about 5 % by weight of the 
condensable hydrocarbons comprises olefin/ 

4383. The mixture of claim 4369, wherein about 0. 1 % to about 2 % by weight of the 
condensable hydrocarbons comprises olefins. 

4384. The mixture of claim 4369, Wierein greater than about 25 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4385. The mixture of claim 4369, wherein the mixture comprises hydrocarbons having 
greater than about 2 carbon atoms, and wherein the weight ratio of hydrocarbons having 
greater than about 2 carbon atoms to methane is greater than about 0.3. 

4386. A mixture produced flom a portion of a hydrocarbon containing formation, 
comprising: / 

condensable hydrocarbons, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; / 

wherein the condensable hydrocarbons further comprise: 
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oxygenated hydrocarbons, wherein greater than about 5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; 

olefins, wherein less than about 10 % by weight of the condensable 
hydrocarbons comprises olefins; and 

aromatic compounds, wherein greater than about 30 % by weight of the 
condensable hydrocarbons comprises aromatic compounds; and 

non-condensable hydrocarbons comprising M 2 , wherein greater than about 15 % 
by weight of the non-condensable hydrocarbons comprises H2. 

4387. The mixture of claim 4386, wherein th^non-condensable hydrocarbons further 
comprises hydrocarbons having carbon numbers of less than 5, and wherein a weight 
ratio of hydrocarbons having carbon numbers from 2 through 4, to methane, is greater 
than approximately 1 . 

4388. The mixture of claim 4386, wherein the non-condensable hydrocarbons comprise 
ethene and ethane, and wherein a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from about 0.0(M to about 0.15. 

4389. The mixture of claim 4386/wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensableAiydrocarbons is nitrogen. 

4390. The mixture of claim 48 86, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4391. The mixture of claim 4386, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 
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4392. The mixture of claim 4386, wherein the condensable hydrocarbons further 

comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 

A 

weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

i 

4393. The mixture of claim 4386, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein lesp/than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



4394. The mixture of claim 4386, whereimthe condensable hydrocarbons further 

// 

comprise asphaltenes, and wherein less th^h about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4395. The mixture of claim 4386, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 °A by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4396. The mixture of claim 4386, wherein greater than about 10 % by volume and less 
than about 80 % by volume of tpe non-condensable hydrocarbons is hydrogen. 

4397. The mixture of claim A386, further comprising ammonia, and wherein greater 
than about 0.05 % by weightf of the produced mixture is ammonia. 

4398. The mixture of claim 4386, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

4399. The mixture of claim 4386, wherein about 0. 1 % to about 5 % by weight of the 
condensable hydrocarbons comprises olefins. 

4400. The mixture of claim 4386, wherein about 0. 1 % to about 2 % by weight of the 
condensable hydrocarbons comprises olefins. 
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4401. The mixture of claim 4386, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 15 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4402. The mixture of claim 43 86, wherein the mixture Comprises hydrocarbons having 
greater than about 2 carbon atoms, and wherein the weight ratio of hydrocarbons having 
greater than about 2 carbon atoms to methane is greater than about 0.3. 

4403. A condensable mixture produced from a portion of a hydrocarbon containing 
formation, comprising: 

olefins, wherein about 0.1 % by weight/fo about 15 % by weight of the 
condensable mixture comprises olefins; 

oxygenated hydrocarbons, wherein Wss than about 15 % by weight of the 
condensable mixture comprises oxygenates hydrocarbons; and 

asphaltenes, wherein less than abyat 0.1 % by weight of the condensable mixture 
comprises asphaltenes. 

4404. The mixture of claim 4403, wherein the condensable mixture further comprises 
hydrocarbons having a carbon numh/er of greater than approximately 25, and wherein less 
than about 15 weight % of the hyd/ocarbons in the mixture have a carbon number greater 
than approximately 25. 

4405. The mixture of claim 4^03, wherein about 0.1 % by weight to about 5 % by 
weight of the condensable mixture comprises olefins. 



4406. The mixture of claim 4403, wherein the condensable mixture further comprises 
non-condensable hydrocarbons, wherein the non-condensable hydrocarbons comprise 
ethene and ethane, and wherein a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from about 0.001 to about 0.15. 



V 
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4407. The mixture of claim 4403, wherein the condensable mixture further comprises 
nitrogen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable mixture is nitrogen. 

4408. The mixture of claim 4403, wherein the condensable m xture further comprises 
oxygen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable mixture is oxygen. 

4409. The mixture of claim 4403, wherein the condensable mixture further comprises 
sulfur, and wherein less than about 1 % by weight, when 9alculated on an atomic basis, of 
the condensable mixture is sulfur. 

4410. The mixture of claim 4403, wherein the condensable mixture further comprises 
oxygen containing compounds, wherein about 5 % bp weight to about 30 % by weight of 
the condensable mixture comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 

441 1 . The mixture of claim 4403, wherein the condensable mixture further comprises 
aromatic compounds, and wherein greater than/about 20 % by weight of the condensable 
mixture are aromatic compounds. 

4412. The mixture of claim 4403, wherein /he condensable mixture further comprises 
multi-ring aromatics, and wherein less than/about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

441 3 . The mixture of claim 4403, wherein the condensable mixture further comprises 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable mixture are cycloalkanesi 

4414. The mixture of claim 4403, wherein the condensable mixture comprises non- 
condensable hydrocarbons, and wherein the non-condensable hydrocarbons comprise 
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hydrogen, and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable hydrocarbons and wherein the hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. 

4415. The mixture of claim 4403, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammrania. 

4416. The mixture of claim 4403, further comprising anmionia, and wherein the 
ammonia is used to produce fertilizer. / 

4417. The mixture of claim 4403, wherein about OA % by weight to about 2 % by 
weight of the condensable mixture comprises olefins. 

441 8. A condensable mixture produced from ar portion of a hydrocarbon containing 
formation, comprising: / 

olefins, wherein about 0.1 % by weignt to about 2 % by weight of the 
condensable mixture comprises olefins; / 

multi-ring aromatics, wherein less man about 2 % by weight of the condensable 
mixture comprises multi-ring aromatics with more than two rings; and 

oxygenated hydrocarbons, wherein greater than about 25 % by weight of the 
condensable mixture comprises oxygenated hydrocarbons. 

4419. The mixture of claim 441 8, mrther comprising hydrocarbons having a carbon 
number of greater than approximately 25, wherein less than about 5 weight % of the 
hydrocarbons in the mixture have A carbon number greater than approximately 25. 

4420. The mixture of claim 44/1 8, wherein the condensable mixture further comprises 
nitrogen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable hydrocarbons is nitrogen. 
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442 1 . The mixture of claim 44 1 8, wherein the condensable mixture further comprises 
oxygen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable hydrocarbons is oxygen. ^ j 

lixture further comprises 
lated on an atomic basis, of 

4423. The mixture of claim 441 8, wherein the condensable mixture further comprises 
oxygen containing compounds, wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. / 

4424. The mixture of claim 441 8, wherein the condensable mixture further comprises 
aromatic compounds, and wherein greater than about 20 % by weight of the condensable 
mixture are aromatic compounds. 

4425. The mixture of claim 441 8, wherein 
condensable hydrocarbons, and wherein les: 
condensable hydrocarbons are asphaltenes/ 

4426. The mixture of claim 441 8, wherein the condensable mixture further comprises 
cycloalkanes, and wherein about 5 % bj weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalKanes. 

4427. The mixture of claim 441 8, 
about 0.05 % by weight of the prod 

4428. The mixture of claim 4418, further comprising ammonia, wherein the ammonia is 
used to produce fertilizer. / 



4422. The mixture of claim 441 8, wherein the condensable 
sulfur, and wherein less than about 1 % by weight, when cal< 
the condensable hydrocarbons is sulfur. / 



ie condensable mixture further comprises 
r than about 0.3 % by weight of the 



ther comprising ammonia, wherein greater than 
iced mixture is ammonia. 
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4429. A mixture produced from a portion of a hydrocarbon containing formation, 
comprising: 

non-condensable hydrocarbons and H 2 , wherein greater than about 10% by 
volume of the non-condensable hydrocarbons and H2 comprises H2; j 

ammonia and water, wherein greater than about 0.5 % by weight of the mixture 
comprises ammonia; and 

condensable hydrocarbons. 



4430. The mixture of claim 4429, wherein the non-condensable hydrocarbons further 
comprise hydrocarbons having carbon numbers of less than 5yand wherein a weight ratio 
of the hydrocarbons having carbon numbers from 2 through 4 to methane, in the mixture 



is greater than approximately 1 . 



443 1 . The mixture of claim 4429, wherein greater than about 0. 1 % by weight of the 
condensable hydrocarbons are olefins, and wherein less/than about 15 % by weight of the 
condensable hydrocarbons are olefins. 

/ 

4432. The mixture of claim 4429, wherein the non-condensable hydrocarbons further 
comprise ethene and ethane, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is greater than about 0.001, and wherein a molar ratio of 
ethene to ethane in the non-condensable hydrocarbons is less than about 0.15. 

4433. The mixture of claim 4429, wherein less^than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is nitrogen. 



1 

4434. The mixture of claim 4429, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is oxygen. 



4435. The mixture of claim 4429, wherein less than about 1 % by weight, when 

calculated on an atomic basis, of the condensable hydrocarbons is sulfur. 

i 
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4436. The mixture of claim 4429, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4437. The mixture of claim 4429, wherein greater thai/about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4438. The mixture of claim 4429, wherein less man about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring/aromatics with more than two rings. 

4439. The mixture of claim 4429, whereinyfess than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes( 

4440. The mixture of claim 4429, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons are cycloalkanes. 

4441 . The mixture of claim 4429, wherein the H 2 is less than about 80 % by volume of 
the non-condensable hydrocarbons and H2. 

4442. The mixture of claim A429, wherein the condensable hydrocarbons further 
comprise sulfur containing compounds. 

4443. The mixture of claim 4429, wherein the ammonia is used to produce fertilizer. 

4444. The mixture of claim 4429, wherein less than about 5% of the condensable 
hydrocarbons have cai/oon numbers greater than 25. 



4445. The mixture of claim 4429, wherein the condensable hydrocarbons comprise 
olefins, wherein greater than about about 0.001 % by weight of the condensable 
hydrocarbons comprise olefins, and wherein less than about 15% by weight of the 
condensable hydrocarbons comprise olefins. 
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4446. The mixture of claim 4429, wherein the condensable hydrocarbons comprise 
olefins, wherein greater than about about 0.001 % by weight of the condensable 
hydrocarbons comprise olefins, and wherein less than abopt 10% by weight of the 
condensable hydrocarbons comprise olefins. 

4447. The mixture of claim 4429, wherein the condensable hydrocarbons comprise 
oxygenated hydrocarbons, and wherein greater thaii about 1.5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4448. The mixture of claim 4429, wherein the condensable hydrocarbons further 
comprise nitrogen containing compounds. 

4449. A method of treating a hydrocarbon containing formation in situ comprising 
providing heat from three or more heat'sources to at least a portion of the formation, 

wherein three or more of the heat sources are located in the formation in a unit of heat 

/ 

sources, and wherein the unit of heat sources comprises a triangular pattern. 



4450. The method of claim 4449, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, and wherein the plurality of units are repeated 
over an area of the formation to form a repetitive pattern of units. 



445 1 . The method of claim' 4449, wherein three or more of the heat sources are located 
in the formation in a plurali(y of the units, wherein the plurality of units are repeated over 
an area of the formation to^form a repetitive pattern of units, and wherein a ratio of heat 
sources in the repetitive pattern of units to production wells in the repetitive pattern is 
less than approximately 5. 



4452. The method of^claim 4449, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, wherein three or more 
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production wells are located within an area defined by the plurality of units, wherein the 
three or more production wells are located in the formation in a unit of production wells, 
and wherein the unit of production wells comprises a triangular pattern. 



4453. The method of claim 4449, wherein three or more/)f the heat sources are located 
in the formation in a plurality of the units, wherein the jrfurality of units are repeated over 
an area of the formation to form a repetitive pattern oj/units, wherein three or more 
injection wells are located within an area defined bVthe plurality of units, wherein the 
three or more injection wells are located in the formation in a unit of injection wells, and 
wherein the unit of injection wells comprises a triangular pattern. 

4454. The method of claim 4449, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, wherein three or more 
production wells and three or more injection wells are located within an area defined by 
the plurality of units, wherein the three or more production wells are located in the 
formation in a unit of production wel/s, wherein the unit of production wells comprises a 
first triangular pattern, wherein the tnree or more injection wells are located in the 
formation in a unit of injection weWs, wherein the unit of injection wells comprises a 
second triangular pattern, and wherein the first triangular pattern is substantially different 
than the second triangular pattern. 

4455. The method of claim 4*149, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, wherein three or more 
monitoring wells are located within an area defined by the plurality of units, wherein the 
three or more monitoring Avells are located in the formation in a unit of monitoring wells, 
and wherein the unit of monitoring wells comprises a triangular pattern. 



4456. The method of claim 4449, wherein a production well is located in an area 
defined by the unit of Heat sources. 



V 
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4457. The method of claim 4449, wherein three or more of the heat sources are located 
in the formation in a first unit and a second unit, wherein the first unit is adjacent to the 
second unit, and wherein the first unit is inverted with respect to the second unit. 

4458. The method of claim 4449, wherein a distance between each of the heat sources in 
the unit of heat sources varies by less than about 20 %. 

4459. The method of claim 4449, wherein a distance between each of the heat sources in 
the unit of heat sources is approximately equaL 

4460. The method of claim 4449, wherein/providing heat from three or more heat 
sources comprises substantially uniformly providing heat to at least the portion of the 
formation. 

4461 . The method of claim 4449, ^herein the heated portion comprises a substantially 
uniform temperature distribution. 

4462. The method of claim 4449, wherein the heated portion comprises a substantially 
uniform temperature distribution, and wherein a difference between a highest temperature 
in the heated portion and a lowest temperature in the heated portion comprises less than 
about 200 °C. 

4463. The method of c|aim 4449, wherein a temperature at an outer lateral boundary of 
the triangular pattern apd a temperature at a center of the triangular pattern are 
approximately equal. 



4464. The method claim 4449, wherein a temperature at an outer lateral boundary of 
the triangular pattern and a temperature at a center of the triangular pattern increase 
substantially lineariy after an initial period of time, and wherein the initial period of time 
comprises less than approximately 3 months. 
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4465. The method of claim 4449, wherein a time required to increase an average 
temperature of the heated portion to a selected temperature with the triangular pattern of 
heat sources is substantially less than a time required to increase the average temperature 
of the heated portion to the selected temperature with a hexag< pattern of heat sources, 
and wherein a space between each of the heat sources in the triangular pattern is 
approximately equal to a space between each of the heat sources in the hexagonal pattern. 



4466. The method of claim 4449, wherein a time requited to increase a temperature at a 
10 coldest point within the heated portion to a selected temperature with the triangular 

m pattern of heat sources is substantially less than a time required to increase a temperature 

41 at the coldest point within the heated portion to the/selected temperature with a hexagonal 

s r pattern of heat sources, and wherein a space between each of the heat sources in the 

?* ] triangular pattern is approximately equal to a space between each of the heat sources in 

rtB the hexagonal pattern. 

4467. The method of claim 4449, wherein a time required to increase a temperature at a 

sis / 

|1 1 coldest point within the heated portion to a selected temperature with the triangular 
]| J pattern of heat sources is substantiallWless than a time required to increase a temperature 
120 at the coldest point within the heatea portion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a number of heat sources per unit area in the 
triangular pattern is equal to the i/umber of heat sources per unit are in the hexagonal 
pattern of heat sources. 

25 4468. The method of claim A449, wherein a time required to increase a temperature at a 
coldest point within the heated portion to a selected temperature with the triangular 
pattern of heat sources is substantially equal to a time required to increase a temperature 
at the coldest point within the heated portion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a space between each of the heat sources in the 
30 triangular pattern is approximately 5 m greater than a space between each of the heat 
sources in the hexagor^al pattern. 
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4469. The method of claim 4449, wherein providing heat from three or more heat 

/; 

sources to at least the portion of formation comprises: £ 

heating a selected volume (V) of the hydrocarbon containing formation from three 
or more of the heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein heat from three or more of the heat sources pyrojyzes at least some hydrocarbons 
within the selected volume of the formation; and 

wherein heating energy/day provided to the v^ume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, ^is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 
10°C/day. 

4470. The method of claim 4449, wherej^i three or more of the heat sources comprise 
electrical heaters. 

447 1 . The method of claim 4449, wherein three or more of the heat sources comprise 
surface burners. 

4472. The method of claim 444^, wherein three or more of the heat sources comprise 
flameless distributed combustors 

4473. The method of claim 4449, wherein three or more of the heat sources comprise 
natural distributed combustols. 



4474. The method of claim 4449, further comprising: 

allowing the heat to transfer from three or more of the heat sources to a selected section 
of the formation such that heat from three or more of the heat sources pyrolyzes at least 



some hydrocarbons wii 



in the selected section of the formation; and 



producing a mixture offfluids from the formation. 
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4475. The method of claim 4474, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature/is controlled as a function of 
pressure. 



4476. The method of claim 4474, further comprising/controlling the heat such that an 
average heating rate of the selected section is less than about 1 .0° C per day during 



pyrolysis. 



4477. The method of claim 4474, wherein allowing the heat to transfer from three or 
more of the heat sources to the selected section comprises transferring heat substantially 
by conduction. j 

i 

4478. The method of claim 4474, wherein providing heat from three or more of the heat 
sources to at least the portion of the formation comprises heating the selected section 
such that a thermal conductivity of at least^a portion of the selected section is greater than 

about 0.5 W/m°C. / 

/ 

4479. The method of claim 4474, wherein the produced mixture comprises an API 
gravity of at least 25°. j 

! 

4480. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1% by weight to about 15% by weight of the 
condensable hydrocarbons are olefins. 



4481 . The method of claim 22, ^herein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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4482. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

i/e comprises condensable 
:n calculated on an atomic 

4484. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

4485. The method of claim 4474, wherein tffe produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weiglft to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenyls. 

4486. The method of claim 4474/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

4487. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

4488. The methodyof claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, mdJ wherein less than about 0.1% by weight of the condensable 
hydrocarbons are/asphaltenes. 



4483. The method of claim 4474, wherein the produced mixt 
hydrocarbons, and wherein less than about 1 % by weight, wl; 
basis, of the condensable hydrocarbons is oxygen. 
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4489. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4490. The method of claim 4474, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume oftfie non-condensable 
component, and wherein the hydrogen is less than about 80 °A by volume of the non- 
condensable component. / 

4491 . The method of claim 4474, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight ofahe produced mixture is ammonia. 

4492. The method of claim 4474, wherein the Produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

4493. The method of claim 4474, furtheycomprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids^and H2, wherein a partial pressure of H2 within 
the mixture is greater than about 2.0 bp absolute. 

4494. The method of claim 4474,Airther comprising altering a pressure within the 
formation to inhibit production 01 hydrocarbons from the formation having carbon 
numbers greater than about 25./ 

4495. The method of claim 4474, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

4496. The method of olaim 4474, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; ana 

heating a portion of the section with heat from hydrogenation. 



915 



Conley, Rose & Tayon, P.C. 



4497. The method of claim 4474, further comprising: 
producing hydrogen from the formation; and 

hydrogenating a portion of the produced condensab^ hydrocarbons with at least a 
portion of the produced hydrogen. 

4498. The method of claim 4474, wherein allowing tke heat to transfer from three or 
more of the heat sources to the selected section of tne formation comprises increasing a 
permeability of a majority of the selected section to greater than about 100 millidarcy. 

4499. The method of claim 4474, wherein allowing the heat to transfer from three or 
more of the heat sources to the selected section of the formation comprises substantially 
uniformly increasing a permeability of a majority of the selected section. 

4500. The method of claim 4474, furtKer comprising controlling the heat from three of 
more heat sources to yield greater thap about 60 % by weight of condensable 
hydrocarbons, as measured by the Fischer Assay. 

4501 . The method of claim 4474, wherein producing the mixture comprises producing 
the mixture in a production welL and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

4502. The method of claim 4474, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4503. The method of/claim 4474, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located ih the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4504. A method for in situ production of synthesis gas from a hydrocarbon containing 
formation, comprising: / 

heating a section of the formation to a temperature sufficient to allow synthesis 
gas generation, wherein a permeability of the section is substantially uniform and greater 
than a permeability of an unheated section of the fonnatlon when the temperature 
sufficient to allow synthesis gas generation within the/rormation is achieved; 

providing a synthesis gas generating fluid toyfhe section to generate synthesis gas; 
and / 

removing synthesis gas from the formation. 

4505. The method of claim 4504, wherein the permeability of the section is greater than 
about 100 millidarcy when the temperature sufficient to allow synthesis gas generation 
within the formation is achieved. / 

4506. The method of claim 4504, wnerein the temperature sufficient to allow synthesis 
gas generation ranges from approximately 400 °C to approximately 1200 °C. 

4507. The method of claim 4504, further comprising heating the section when providing 
the synthesis gas generating flufd to inhibit temperature decrease in the section due to 
synthesis gas generation. / 

4508. The method of claim 4504, wherein heating the section comprises convecting an 
oxidizing fluid into a portion of the section, wherein the temperature within the section is 
above a temperature sufficient to support oxidation of carbon within the section with the 
oxidizing fluid, and reacting the oxidizing fluid with carbon in the section to generate 
heat within the section/ 

4509. The method ot claim 4508, wherein the oxidizing fluid comprises air. 
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45 1 0. The method of claim 4509, wherein an amount of the oxidizing fluid convected 
into the section is configured to inhibit formation of oxides of nitrogen by maintaining a 
reaction temperature below a temperature sufficient to produce oxides of nitrogen 

5 compounds. / 

451 1 . The method of claim 4504, wherein heating the/section comprises diffusing an 
oxidizing fluid to reaction zones adjacent to wellbores within the formation, oxidizing 
carbon within the reaction zone to generate heat, amd transferring the heat to the section. 

10 / 

m 45 12. The method of claim 4504, wherein heating the section comprises heating the 
'41 section by transfer of heat from one or more of electrical heaters. 

m / 

H 4513. The method of claim 4504, wherein heating the section to a temperature sufficient 

IIS to allow synthesis gas generation and p/oviding a synthesis gas generating fluid to the 

111 / 

']."" section comprises introducing steam into the section to heat the formation and to generate 
synthesis gas. / 

III / 

•I- / 

45 14. The method of claim 4504, further comprising controlling the heating of the 

liO section and provision of the synthesis gas generating fluid to maintain a temperature 
within the section above the temperature sufficient to generate synthesis gas. 

4515. The method of claim 4504, further comprising: 
monitoring a composition of the produced synthesis gas; and 

25 controlling heating of the section and provision of the synthesis gas generating 

fluid to maintain the composition of the produced synthesis gas within a selected range. 

45 1 6. The method of claim 45 1 5, wherein the selected range comprises a ratio of H2 to 
CO of about 2:1. / 
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45 1 7. The method of claim 4504, wherein the synthesis gas generating fluid comprises 
liquid water. 

1 

45 1 8. The method of claim 4504, wherein the synthesis gas generating fluid comprises 
steam. 

4519. The method of claim 4504, wherein the s^jnthesi's gas generating fluid comprises 
water and carbon dioxide, and wherein the carbon dioxide inhibits production of carbon 
dioxide from carbon containing material withirythe section. 

4520. The method of claim 45 1 9, wherein a/portion of the carbon dioxide within the 
synthesis gas generating fluid comprises canbon dioxide removed from the formation. 



452 1 . The method of claim 4504, where/n the synthesis gas generating fluid comprises 

/ 1 

carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 

formation to generate carbon monoxide. 

/ ; 

4522. The method of claim 452 1 , Wherein a pprtion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

/ > / 

/ '/ 

4523. The method of claim 4504, wherein raoviding the synthesis gas generating fluid 
to the section comprises raising ^ water taljle of the formation to allow water to flow into 
the section. 



25 4524. The method of claim 4504, therein the synthesis gas is removed from a producer 
well equipped with a heating source, and wherein a portion of the heating source adjacent 
to a synthesis gas producing zone operates at a substantially constant temperature to 
promote production of the synthesis gas wherein\the synthesis gas has a selected 
composition. 

30 
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4525. The method of claim 4524, wherein the substantially constant temperature is 
about 700 °C, and wherein the selected composition has a H 2 to CO ratio of about 2: 1 . 



4526. The method of claim 4504, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within the section to increase a H2 
concentration of the generated synthesis gas. / 

4527. The method of claim 4504, wherein me synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within me section to increase an energy content of the 
synthesis gas removed from the formation. 

4528. The method of claim 4504, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. / 

4529. The method of claim 4504, further comprising generating electricity from the 
synthesis gas using a fuel cell. / 

4530. The method of clainY 4504, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of tip separated carbon dioxide within a spent section of the 
formation. / 

453 1 . The method of /claim 4504, further comprising using a portion of the synthesis gas 
as a combustion fuel 10 heat the formation. 

4532. The method/of claim 4504, further comprising converting at least a portion of the 
produced synthesis/ gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. | 
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4533. The method of claim 4504, further comprising converting at least a portion of the 
produced synthesis gas to methanol. 



4534. The method of claim 4504, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. 

4535. The method of claim 4504, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 

4536. The method of claim 4504, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a flmt of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4537. The method of claim 4504, further comprising providing heat from three or more 
heat sources to at least a portion oi the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular/pattern, and wherein a plurality of the units are repeated 
over an area of the formatioi/to form a repetitive pattern of units. 

4538. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to substantially 
uniformly increase a'permeability of the portion and to increase a temperature of the 
portion to a temperature sufficient to allow synthesis gas generation; 

providing A synthesis gas generating fluid to at least the portion of the selected 
section, wherein/the synthesis gas generating fluid comprises carbon dioxide; 

obtaining a portion of the carbon dioxide of the synthesis gas generating fluid 
from the forma(ion; and 
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producing synthesis gas from the formation. 



4539. The method of claim 4538, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from about 400 °C to about 1200 °C. 

4540. The method of claim 4538, further comprising usii^ a second portion of the 
separated carbon dioxide as a flooding agent to produce4iydrocarbon bed methane from a 
hydrocarbon containing formation. / 

4541 . The method of claim 4540, wherein the hydrocarbon containing formation is a 
deep hydrocarbon containing formation over 760 m below ground surface. 

4542. The method of claim 4540, wherein/he hydrocarbon containing formation 
adsorbs some of the carbon dioxide to sequester the carbon dioxide. 

4543. The method of claim 4538, furiner comprising using a second portion of the 
separated carbon dioxide as a flooding agent for enhanced oil recovery. 

4544. The method of claim 4538; wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having ycarbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons undergo a reaction within the selected section to increase a 
H2 concentration within the produced synthesis gas. 

4545. The method of claim 4538, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within the selected section to increase an energy 
content of the produced synthesis gas. 

4546. The method of claim 4538, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 
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4547. The method of claim 4538, further comprising generating electricity from the 
synthesis gas using a fuel cell. 

4548. The method of claim 4538, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxi<Je within a spent portion of the 
formation. 

4549. The method of claim 4538, further comprising using a portion of the synthesis gas 
as a combustion fuel for heating the formatio/h. 

4550. The method of claim 4538, furthe/ comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

455 1 . The method of claim 453 8, further comprising converting at least a portion of the 
produced synthesis gas to methane 

4552. The method of claim 4538, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. 

4553. The method of clainy 4538, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 

4554. The method of claim 4538, wherein a temperature of the one or more heat sources 
wellbore is maintained atf a temperature of less than approximately 700 °C to produce a 
synthesis gas having a ratio of H2 to carbon monoxide of greater than about 2. 
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4555. The method of claim 4538, wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of greater than approximately 700 °C to produce 
a synthesis gas having a ratio of H2 to carbon monoxidfe of less than about 2. 

4556. The method of claim 4538, wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of approximately 700 °C to produce a synthesis 
gas having a ratio of H 2 to carbon monoxide of Approximately 2. 

4557. The method of claim 4538, wherein arheat source of the one or more of heat 
sources comprises an electrical heater. / 

4558. The method of claim 4538, whenein a heat source of the one or more heat sources 
comprises a natural distributor heater. / 

4559. The method of claim 4538, wherein a heat source of the one or more heat sources 
comprises a flameless distributor oombustor (FDC) heater, and wherein fluids are 
produced from the wellbore of the FDC heater through a conduit positioned within the 
wellbore. / 

4560. The method of claim 4538, further comprising providing heat from three or more 
heat sources to at least a ponion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4561 . The method of clpim 4538, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in me formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4562. A method of in situ synthesis gas production, comprising: 
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providing heat from one or more flameless distributed combustor heaters to at 
least a first portion of a carbon containing formation; 

allowing the heat to transfer from the^ne or more heaters to a selected section of 
the formation such that the heat from the one or more heaters substantially uniformly 
increases a permeability of the selected section, and to raise a temperature of the selected 
section to a temperature sufficient to generate synthesis gas; 

introducing a synthesis gas producing fluid into the selected section to generate 
synthesis gas; and 

removing synthesis gas from the formation. 

4563. The method of claim 4562/wherein the one or more heaters comprise at least two 
heaters, and wherein superposition of heat from at least the two heaters substantially 
uniformly increases a permeability of the selected section, and raises a temperature of the 
selected section to a temperature sufficient to generate synthesis gas. 

4564. The method of claim 4562, further comprising producing the synthesis gas from 
the formation under pressure, and generating electricity from the produced synthesis gas 
by passing the produced synthesis gas through a turbine. 

4565. The method ofyclaim 4562, further comprising producing pyrolyzation products 
from the formation wnen raising the temperature of the selected section to the 
temperature sufficient to generate synthesis gas. 

4566. The methofl of claim 4562, further comprising separating a portion of carbon 
dioxide from the removed synthesis gas, and storing the carbon dioxide within a spent 
portion of the formation. 



4567. The method of claim 4562, further comprising storing carbon dioxide within a 
spent portion of the formation, wherein an amount of carbon dioxide stored within the 
spent portion of the formation is equal to or greater than an amount of carbon dioxide 
within the removed synthesis gas. 
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4568. The method of claim 4562, further comprising separating a portion of H 2 from the 
removed synthesis gas; and using a portion of the separated H2 as fuel for the one or more 
heaters. 

4569. The method of claim 4568, farther comprising using a portion of exhaust products 
from one or more heaters as a portion of the synthesis gas producing fluid 

4570. The method of claim 4562, further comprising using a portion of the removed 
synthesis gas with a fuel cell ta generate electricity. 

4571 . The method of claim A570, wherein the fuel cell produces steam, and wherein a 
portion of the steam is used as a portion of the synthesis gas producing fluid. 

4572. The method of claim 4570, wherein the fuel cell produces carbon dioxide, and 
wherein a portion of the carbon dioxide is introduced into the formation to react with 
carbon within the formation to produce carbon monoxide. 

4573. The method of jblaim 4570, wherein the fuel cell produces carbon dioxide, and 
storing an amount of carbon dioxide within a spent portion of the formation equal or 
greater to an amount pf the carbon dioxide produced by the fuel cell. 

4574. The method/of claim 4562, further comprising using a portion of the removed 
synthesis gas as a feed product for formation of hydrocarbons. 

4575. The methc/d of claim 4562, wherein the synthesis gas producing fluid comprises 
hydrocarbons having carbon numbers less than 5, and wherein the hydrocarbons crack 
within the formation to increase an amount of H 2 within the generated synthesis gas. 



4576. The 
heat sources to 



method of claim 4562, further comprising providing heat from three or more 
it least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4577. The method of claim 4562, further comprising providing heat from three or more 
heat sources to at least a portion of the format/on, wherein three or more of the heat 
sources are located in the formation in a ur^t of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, ancl wherein a plurality of the units are repeated 
over an area of the formation to form a/fepetitive pattern of units. 



4578. A method of treating a hydrocarbon containing formation, comprising: 

heating a portion of the formation with one or more electrical heaters to a 

temperature sufficient to pyrolyze hydrocarbons within the portion; 
producing pyrolyzation fluid from the formation; 
separating a fuel cell feed stream from the pyrolyzation fluid; and 
directing the fuel cell /feed stream to a fuel cell to produce electricity; 



4579. The method of claim 4578, wherein the fuel cell is a molten carbonate fuel cell. 

/ 

4580. The method of claim 4578, wherein the fuel cell is a solid oxide fuel cell. 

/ 

458 1 . The method otfclaim 4578, further comprising using a portion of the produced 

4582. The method of claim 4578, wherein heating the portion of the formation is 
performed at a rate sufficient to increase a permeability of the portion and to produce a 
substantially uniform permeability within the portion. 



4583. The method of claim 4578, wherein the fuel cell feed stream comprises H 2 and 
hydrocarbons having a carbon number of less than 5. 
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4584. The method of claim 4578, wherein the fuel cell feed stream comprises H2 and 
hydrocarbons having a carbon number of less than 3. 



4585. The method of claim 4578, further comprising hydrogenating the pyrolyzation 
fluid with a portion of H2 from the pyrolyzation fluid. 

4586. The method of claim 4578, wherep the hydrogenation is done in situ by directing 
the H2 into the formation. 

4587. The method of claim 4578, wnerein the hydrogenation is done in a surface unit. 

4588. The method of claim 45787fiirther comprising directing hydrocarbon fluid having 
carbon numbers less than 5 adjacent to at least one of the electrical heaters, cracking a 
portion of the hydrocarbons to p/oduce H2, and producing a portion of the hydrogen from 
the formation. 

4589. The method of claim 4588, further comprising directing an oxidizing fluid 
adjacent to at least the one or the electrical heaters, oxidizing coke deposited on or near 
the at least one of the electrical heaters with the oxidizing fluid. 

4590. The method of clapn 4578, further comprising storing CO2 from the fuel cell 
within the formation. 

4591 . The method of cfaim 4590, wherein the CO2 is adsorbed to carbon material within 
a spent portion of the formation. 

4592. The method ofjfclaim 4578, further comprising cooling the portion to form a spent 
portion of formation. 



4593. The method <Jf claim 4592, wherein cooling the portion comprises introducing 
water into the portion to produce steam, and removing steam from the formation. 
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4594. The method of claim 4593, further comprising using a portion of the removed 
steam to heat a second portion of the formation. 



4595. The method of claim 4593, further comprising using/a portion of the removed 
steam as a synthesis gas producing fluid in a second portipn of the formation. 

4596. The method of claim 4578, further comprising 
heating the portion to a temperature sufficient to support generation of synthesis 

gas after production of the pyrolyzation fluids; 

introducing a synthesis gas producing jJuid into the portion to generate synthesis 
gas; and 

removing a portion of the synthesis^gas from the formation. 

4597. The method of claim 4596, furtner comprising producing the synthesis gas from 
the formation under pressure, and generating electricity from the produced synthesis gas 
by passing the produced synthesis gps through a turbine. 

4598. The method of claim 459p, further comprising using a first portion of the removed 
synthesis gas as fuel cell feed. 

4599. The method of claim 4596, further comprising producing steam from operation of 
the fuel cell, and using the steam as part of the synthesis gas producing fluid. 

4600. The method of claim 4596, further comprising using carbon dioxide from the fuel 
cell as a part of the synthesis gas producing fluid. 



4601 . The method of claim 4596, further comprising using a portion of the synthesis gas 



to produce hydrocarbon 



product. 



\ 
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4602. The method of claim 4596, further comprising cooling the portion to form a spent 
portion of formation. 



4603. The method of claim 4602, wherein cooling the portion comprises introducing 
water into the portion to produce steam, and removing steam from the formation. 



4604. The method of claim 4603, further comprising using a portion of the removed 
steam to heat a second portion of the formation. 



4605. The method of claim 4603, further comprising using a portion of the removed 
steam as a synthesis gas producing fluid in a second portion of the formation. 



4606. The method of claim 4578, further comprising/providing heat from three or more 
heat sources to at least a portion of the formation, wlierein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4607. The method of claim 4578, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and/(vherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4608. A method for in situ production of synthesis gas from a hydrocarbon containing 
formation, comprising: / 

providing heat from one or more heat sources to at least a portion of the 
formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 

producing pyrolysis products from the formation; 
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heating at least a portion of the selected section to a temperature sufficient to 
generate synthesis gas; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 

producing a portion of the synthesis gas from the formation. 

4609. The method of claim 4608, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of hea/from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

4610. The method of claim 4608, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. / 

46 1 1 . The method of claim 4608, fiirther Comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 1 00 millidarcy . / 

4612. The method of claim 4608, fltrther comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

4613. The method of claim 4608, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4614. The method of claimf 4608, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjaoent to wellbores of one or more heat sources with heaters 
disposed in the wellbores J wherein the heaters are configured to raise temperatures of the 
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zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 
allowing the oxidizing fluid to react with at least a portion of the carbon- 
5 containing material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 

4615. The method of claim 4608, wherein heating at least the/portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 
10 introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially be Convection into the portion of the 

4) selected section, wherein the portion of the selected section is at a temperature sufficient 

aj / 

to support an oxidization reaction with the oxidizing fluid; and 

f ■ reacting the oxidizing fluid within the popon of the selected section to generate 

£j heat and raise the temperature of the portion. 

?y 

GI 4616. The method of claim 4608, whereir/the one or more heat sources comprise one or 

: |: 

|11 more electrical heaters disposed in the foyfnation. 

| 

SO 4617. The method of claim 4608, wherein one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 

25 46 1 8. The method of claim 4<$08, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steam into the portion. 

30 4619. The method of claim 4608, further comprising controlling the heating of at least 
the portion of selected sqction and provision of the synthesis gas generating fluid to 
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maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

4620. The method of claim 4608, further comprising: 
monitoring a composition of the produced synthesis gas; and 

controlling heating of at least the portion of selected'section and provision of the 
synthesis gas generating fluid to maintain the composition of the produced synthesis gas 
within a desired range. / 

462 1 . The method of claim 4608, wherein the synthesis gas generating fluid comprises 
liquid water. 

4622. The method of claim 4608, wherein the synthesis gas generating fluid comprises 
steam. / 

/ 

4623. The method of claim 4608, wherein the synthesis gas generating fluid comprises 

water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 

/ 

dioxide from the selected section. / 

r 

r 

f 

4624. The method of claim 4623, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

/' 

4625. The method of claim 4608, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

/ 

4626. The method of claim 4625, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 
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4627. The method of claim 4608, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 

4628. The method of claim 4608, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction withm at least the portion of the 
selected section to increase a Hk concentration within the produced synthesis gas. 

4629. The method of claim 4608, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 

portion of the hydrocarbons react within at least tlie portion of the selected section to 

/ 

increase an energy content of the produced synthesis gas. 

4630. The method of claim 4608, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

463 1. The method of claim 4608, further comprising generating electricity from the 
synthesis gas using a fuel cell. 

4632. The method of claim 4608, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. 

4633. The method of claim 4608, further comprising using a portion of the synthesis gas 
as a combustion fuel for trie one or more heat sources. 
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4634. The method of claim 4608, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 



4635. The method of claim 4608, further comprising converting at least a portion of the 
produced synthesis gas to methanol. 

4636. The method of claim 4608, further comprising concerting at least a portion of the 
produced synthesis gas to gasoline. 

4637. The method of claim 4608, further comprisinj/converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 



4638. The method of claim 4608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4639. The method of claim 4608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in/a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



4640. A method for in situ production of synthesis gas from a hydrocarbon containing 
formation, comprising: 

heating a first portion of tjhe formation to pyrolyze some hydrocarbons within the 
first portion; 

allowing the heat to transfer from one or more heat sources to a selected section 
of the formation, 

pyrolyzing hydrocarbon^ within the selected section; 
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producing fluid from the first portion, wherein the fluid comprises an aqueous 
fluid and a hydrocarbon fluid; f 

heating a second portion of the formation to a temperature sufficient to allow 



r 



synthesis gas generation; / 

introducing at least a portion of the aqueous fluid to the second section after the 
section reaches the temperature sufficient to allow synthesis gas generation; and 

producing synthesis gas from the formation. 



4641 . The method of claim 4640, wherein the temperature sufficient to allow synthesis 
gas generation ranges from approximately 400 °G to approximately 1200 °C. 



4642. The method of claim 4640, further comprising separating ammonia within the 
aqueous phase from the aqueous phase prior to introduction of at least the portion of the 
aqueous fluid to the second section. 

4643. The method of claim 4640, wherein a permeability of the second portion of the 

formation is substantially uniform and greater than about 100 millidarcy when the 

/ 

temperature sufficient to allow synthesis gas generation is achieved. 

/ 

4644. The method of claim 4640, further comprising heating the second portion of the 
formation during introduction of at least the portion of the aqueous fluid to the second 
section to inhibit temperature decrease in the second section due to synthesis gas 
generation. / 

4645. The method of claim 4640, wherein heating the second portion of the formation 
comprises convecting an oxidizing fluid into a portion of the second portion that is above 

a temperature sufficient to support oxidation of carbon within the portion with the 

/ 

oxidizing fluid, and reacting the oxidizing fluid with carbon in the portion to generate 
heat within the portion: 
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4646. The method of claim 4640, wherein heating the second portion of the formation 
comprises diffusing an oxidizing fluid to reaction zones adjacent to wellbores within the 
formation, oxidizing carbon within the reaction zones to generate heat, and transferring 
the heat to the second portion. / 

4647. The method of claim 4640, wherein heating the second portion of the formation 
comprises heating the second section by transferM heat from one or more electrical 
heaters. / 

4648. The method of claim 4640, wherein/neating the second portion of the formation 
comprises heating the second section withr a flameless distributor combustor. 

4649. The method of claim 4640, wherein heating the second portion of the formation 
comprises injecting steam into at leapt the portion of the formation. 

4650. The method of claim 4640; wherein at least a portion of the aqueous fluid 
comprises a liquid phase. / 

465 1 . The method of claim 4640, wherein the aqueous fluid comprises a vapor phase. 

4652. The method of claim 4640, further comprising adding carbon dioxide to at least 
the portion of aqueous flura to inhibit production of carbon dioxide from carbon within 
the formation. / 

4653. The method of jfclaim 4652, wherein a portion of the carbon dioxide comprises 
carbon dioxide removed from the formation. 

4654. The method of claim 4640, further comprising adding hydrocarbons with carbon 
numbers less than y to at least the portion of the aqueous fluid to increase a H2 
concentration within the produced synthesis gas. 
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4655. The method of claim 4640, further comprising adding hydrocarbons with carbon 
numbers less than 5 to at least the portion of the aqueous fluid to increase a H 2 
concentration within the produced synthesis gas, wherein/the hydrocarbons are obtained 
from the produced fluid. 

4656. The method of claim 4640, further comprising/adding hydrocarbons greater than 4 
to at least the portion of the aqueous fluid to increas^r energy content of the produced 
synthesis gas. 

4657. The method of claim 4640, further comprising adding hydrocarbons greater than 4 
to at least the portion of the aqueous fluid to increase energy content of the produced 
synthesis gas, wherein the hydrocarbons are obtained from the produced fluid. 

4658. The method of claim 4640, further comprising maintaining a pressure within the 
formation during synthesis gas generation, fnd passing produced synthesis gas through a 
turbine to generate electricity. 

4659. The method of claim 4640, furth/r comprising generating electricity from the 
synthesis gas using a fuel cell. 

4660. The method of claim 4640, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent portion of the 
formation. 

4661. The method of claim 4640, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one/or more heat sources. 



4662. The method of claim 4640, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 
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4663. The method of claim 4640, further comprising converting at least a portion of the 
produced synthesis gas to methanol. / : 

4664. The method of claim 4640, further comprising/converting at least a portion of the 
produced synthesis gas to gasoline. / 

4665. The method of claim 4640, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic metfianation process. 

4666. The method of claim 4640, furthei/comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation irr a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4667. The method of claim 4640, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the fonnation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4668. A method for in situ production of synthesis gas from a carbon containing 
formation, comprising: 

heating a pomon of the formation with one or more heat sources to create 
increased and substantially uniform permeability within a portion of the formation and to 
raise a temperature within the portion to a temperature sufficient to allow synthesis gas 
generation; / 

providing a synthesis gas generating fluid into the portion through at least one 
injection wellpore to generate synthesis gas from hydrocarbons and the synthesis gas 
generating fluid; and 
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producing synthesis gas from at least one heat source wellbore in which is 
positioned proximate to a heat source of the one or more heat sources. 

4669. The method of claim 4668, wherein the temperattire sufficient to allow synthesis 
gas generation is within a range from about 400° C to afoout 1200 °C. 

4670. The method of claim 4668, wherein creating a substantially uniform permeability 
comprises heating the portion to a temperature wimin a range sufficient to pyrolyze 
hydrocarbons within the portion, raising the temperature within the portion at a rate of 
less than about 5 °C per day during pyrolyzation and removing a portion of pyrolyzed 
fluid from the formation. / 

4671. The method of claim 4668, further comprising removing fluid from the formation 
through at least the one injection wellbore /prior to heating the selected section to the 
temperature sufficient to allow synthesisygas generation. 

4672. The method of claim 4668, wherein the injection wellbore comprises a wellbore 
of a heat source in which is positioned a heat source of the one or more heat sources. 

4673 . The method of claim 4668/further comprising heating the selected portion during 
providing the synthesis gas generating fluid to inhibit temperature decrease in at least the 
portion of the selected section due to synthesis gas generation. 

4674. The method of claim 4668, further comprising providing a portion of the heat 
needed to raise the temperature sufficient to allow synthesis gas generation by convecting 
an oxidizing fluid to hydrocarbons within the selected section to oxidize a portion of the 
hydrocarbons and generate/heat. 

4675. The method of claim 4668, further comprising controlling the heating of the 
selected section and provision of the synthesis gas generating fluid to maintain a 
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temperature within the selected section above the temperature sufficient to generate 
synthesis gas. i 

4676. The method of claim 4668, further comprising 
monitoring a composition of the produced synthesis gas; and 
controlling heating of the selected section/and provision of the synthesis gas 

generating fluid to maintain the composition o^the produced synthesis gas within a 
desired range. 

4677. The method of claim 4668, wherein the synthesis gas generating fluid comprises 
liquid water. 

4678. The method of claim 4668, wrierein the synthesis gas generating fluid comprises 
steam. 



4679. The method of claim 4668, wherein the synthesis gas generating fluid comprises 
steam to heat the selected sectiop and to generate synthesis gas. 

4680. The method of claimA^68, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, whirein the carbon dioxide inhibits production of carbon 

dioxide from the selected sec/ion. 

/ 
/ 

/ 

4681. The method of claim 4680, wherein a portion of the carbon dioxide comprises 
carbon dioxide remove^ ftom the formation. 

/ 

■i 

t 

4682. The method of clkim 4668, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and whpein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 



4683. The method of claim 4682, wherein a portion of the carbon dioxide comprises 
carbon dioxide removed from the formation. 
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4684. The method of claim 4668, wherein providing the synthesis gas generating fluid 
to the selected section comprises raising a water table of the formation to allow water to 
enter the selected section. / 

4685. The method of claim 4668, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons undergo a reaction wthin the selected section to increase a 
H2 concentration within the produced synthesis/gas. 

4686. The method of claim 4668, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within tjie selected section to increase an energy 
content of the produced synthesis gas. / 

4687. The method of claim 4668, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through, a 
turbine to generate electricity. / 

4688. The method of claim 4668, further comprising generating electricity from the 
synthesis gas using a fuel cell. / 

4689. The method of claim 4668, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the/separated carbon dioxide within a spent portion of the 
formation. / 

4690. The method of claim 4668, further comprising using a portion of the synthesis gas 
as a combustion fuel for/heating the formation. 
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4691 . The method of claim 4668, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

4692. The method of claim 4668, further comprisin^converting at least a portion of the 
produced synthesis gas to methanol. 

4693. The method of claim 4668, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. 



4694. The method of claim 4668, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 



f! 4695. The method of claim 4668, wherein a temperature of at least the one heat source 

Ul I 

13)5 wellbore is maintained at a temperature of less than approximately 700 °C to produce a 

ry / 

;. synthesis gas having a ratio of H2 to carbon monoxide of greater than about 2. 

fa 
4? 

Ill 4696. The method of claim 4668, wherein a temperature of at least the one heat source 
wellbore is maintained at a temperature of greater than approximately 700 °C to produce 

f^O a synthesis gas having a ratio of H2 to carbon monoxide of less than about 2. 



4697. The method of claim 4^68, wherein a temperature of at least the one heat source 
wellbore is maintained at a temperature of approximately 700 °C to produce a synthesis 



gas having a ratio of H2 to carbon monoxide of approximately 2. 

4698. The method of claim 4668, wherein a heat source of the one or more heat sources 
comprises an electrical heater. 



4699. The method of fclaim 4668, wherein a heat source of the one or more heat sources 
30 comprises a natural distributor heater. 
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4700. The method of claim 4668, wherein a heat source of the one or more heat sources 
comprises a flameless distributor combustor (FDC) heater, and wherein fluids are 
produced from the wellbore of the FDC heater through a conduit positioned within the 
wellbore. 

4701 . The method of claim 4668, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of bfeat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4702. The method of claim 4668, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 

/ 

sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



4703 . A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; j 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least a portion of the carbon containing material within the selected section of the 
formation; j 

producing pyrolysis products from the formation; 

heating a first portion of a formation with one or more heat sources to a 
temperature sufficient to allow generation of synthesis gas; 

providing a first synthesis gas generating fluid to the first portion to generate a 
first synthesis gas; j 

removing a portion of the first synthesis gas from the formation; 
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heating a second portion of a formation with one more heat sources to a 
temperature sufficient to allow generation of synthesis gas having a H2 to CO ratio 
greater than a H2 to CO ratio of the first synthesis gas; V 

providing a second synthesis gas generating component to the second portion to 
generate a second synthesis gas; 

removing a portion of the second synthesis/gas from the formation; and 

blending a portion of the first synthesis gas with a portion of the second synthesis 
gas to produce a blended synthesis gas having a selected H2 to CO ratio. 

4704. The method of claim 4703, wherein/the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

4705. The method of claim 4703, Wherein the first synthesis gas generating fluid and 
second synthesis gas generating flmd are the same component. 

4706. The method of claim 4703, further comprising controlling the temperature in the 
first portion to control a composition of the first-synthesis gas. 

4707. The method of claim 4703, further comprising controlling the temperature in the 
second portion to control k composition of the second synthesis gas. 

4708. The method of claim 4703, wherein the selected ratio is controlled to be 
approximately 2:1 IMo CO. 

4709. The method of claim 4703, wherein the selected ratio is controlled to range from 
approximately 1.8:1 to approximately 2.2:1 H2to CO. 



4710. The method of claim 4703, wherein the selected ratio is controlled to be 



approximately 



:1 H 2 toCO. 
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471 1 . The method of claim 4703, wherein the selected ratio is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 H2to CO. 

4712. The method of claim 4703, further comprising providing at least a portion of the 
produced blended synthesis gas to a condensable hydrocarbon synthesis process to 
produce condensable hydrocarbons. 



4713. The method of claim 4712, wherein the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsch process. 



4714. The method of claim 4713, further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

/ 

4715. The method of claim 4703, further comprising providing at least a portion of the 
produced blended synthesis gas to a catalytic methanation process to produce methane. 



4716. The method of claim 4703, further comprising providing at least a portion of the 

produced blended synthesis gas to a methanol-synthesis process to produce methanol. 

/ 

4717. The method of claim 4703, further comprising providing at least a portion of the 
produced blended synthesis gas' to a gasoline-synthesis process to produce gasoline. 



4718. The method of claim 4703, wherein removing a portion of the second synthesis 
gas comprises withdrawing second synthesis gas through a production well, wherein a 
temperature of the production well adjacent to a second syntheses gas production zone is 
maintained at a substantially constant temperature configured to produce second 
synthesis gas having the H2 to CO ratio greater the first synthesis gas. 

/ 

4719. The method of claim 4703, wherein the first synthesis gas producing fluid 

comprises CO2 and wherein the temperature of the first portion is at a temperature that 

i 

1 
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will result in conversion of CO2 and carbon from the first portion to CO to generate a CO 
rich first synthesis gas. 

/ 

A 

4720. The method of claim 4703, wherein the second/synthesis gas producing fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
least a portion of the hydrocarbons react within the formation to increase a H2 
concentration within the produced second synthesis gas. 

4721. The method of claim 4703, wherein>olending a portion of the first synthesis gas 
with a portion of the second synthesis gas/comprises producing an intermediate mixture 
having a H2 to CO mixture of less than the selected ratio, and subjecting the intermediate 
mixture to a shift reaction to reduce air amount of CO and increase an amount of H2 to 
produce the selected ratio of H2 to 

4722. The method of claim 4703, further comprising removing an excess of first 
synthesis gas from the first portion to have an excess of CO, subjecting the first synthesis 
gas to a shift reaction to reduce an amount of CO and increase an amount of H2 before 
blending the first synthesisias with the second synthesis gas. 

4723. The method of claim 4703, further comprising removing the first synthesis gas 
from the formation unaer pressure, and passing removed first synthesis gas through a 
turbine to generate electricity. 

4724. The method of claim 4703, further comprising removing the second synthesis gas 
from the formation under pressure, and passing removed second synthesis gas through a 
turbine to generate electricity. 



4725. The method of claim 4703, further comprising generating electricity from the 
blended synmesis gas using a fuel cell. 
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4726. The method of claim 4703, further comprising generating electricity from the 
blended synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the 
fuel cell, and storing a portion of the separated carbon dioxide within a spent portion of 

the formation. / 

/ 

4727. The method of claim 4703, further comprising using at least a portion of the 
blended synthesis gas as a combustion fuel for heating the formation. 



4728. The method of claim 4703, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. 



4729. The method of claim 4703, further ^omprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. 



4730. The method of claim 4703, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section^during synthesis gas generation. 



473 1 . The method of claim 4703, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 



4732. The method of claii^/4703, wherein heating the first a portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 
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allowing the oxidizing fluid to react with at least a portion of the carbon- 
containing material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. / 

4733. The method of claim 4703, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis' gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters ar^configured to raise temperatures of the 
zones to temperatures sufficient to support react/on of carbon-containing material within 
the zones with an oxidizing fluid; / 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the carbon- 
containing material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 

4734. The method of claim 4703, wherein heating the first portion of the selected 
section to a temperature sufficient to yallow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially by convection into the first portion 
of the selected section, wherein tne first portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the first portion of the selected section to 
generate heat and raise the temperature of the first portion. 

4735. The method of clainy4703, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially by convection into the second 
portion of the selected section, wherein the second portion of the selected section is at a 
temperature sufficient tor support an oxidization reaction with the oxidizing fluid; and 
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reacting the oxidizing fluid within the second portion of the selected section to 
generate heat and raise the temperature of the second portion. 



4736. The method of claim 4703, wherein the one or more heat/sources comprise one or 
more electrical heaters disposed in the formation. 

4737. The method of claim 4703, wherein the one or more/fieat sources comprises one 
or more natural distributor combustors. 

4738. The method of claim 4703, wherein the one o^more heat sources comprise one or 
more heater wells, wherein at least one heater well^comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 

4739. The method of claim 4703, wherein heating the first portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a first 
synthesis gas generating fluid to the first portion of the selected section comprises 
introducing steam into the first portion. 

4740. The method of claim 4703, wherein heating the second portion of the selected 
section to a temperature sufficient tor allow synthesis gas generation and providing a 
second synthesis gas generating fluid to the second portion of the selected section 
comprises introducing steam into me second portion. 

4741 . The method of claim 4703, further comprising controlling the heating of the first 
portion of selected section and/provision of the first synthesis gas generating fluid to 
maintain a temperature within the first portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

4742. The method of claim 4703, further comprising controlling the heating of the 
second portion of selected jsection and provision of the second synthesis gas generating 
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fluid to maintain a temperature within the second portion of the selected section above 
the temperature sufficient to generate synthesis gas. 

4743. The method of claim 4703, wherein the first synthesis gas generating fluid 
comprises liquid water. 



4744. The method of claim 4703, wherein the seconc^ synthesis gas generating fluid 
comprises liquid water. 

4745. The method of claim 4703, wherein the fir/t synthesis gas generating fluid 
comprises steam. 

4746. The method of claim 4703, wherein th£ second synthesis gas generating fluid 
comprises steam. 

4747. The method of claim 4703, whereiii the first synthesis gas generating fluid 
comprises water and carbon dioxide, wherein the carbon dioxide inhibits production of 
carbon dioxide from the selected sectioi 

4748. The method of claim 4747, wherein a portion of the carbon dioxide within the 
first synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. 

4749. The method of claim 4703, wherein the second synthesis gas generating fluid 
comprises water and carbon dioxide, wherein the carbon dioxide inhibits production of 
carbon dioxide from the selected section. 

4750. The method of clainy4749, wherein a portion of the carbon dioxide within the 
second synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. 
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475 1 . The method of claim 4703, wherein the first synthesis gas generating fluid 
comprises carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon 
in the formation to generate carbon monoxide. / 

4752. The method of claim 475 1 , wherein a portion of the carbon dioxide within the 
first synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. / 

4753. The method of claim 4703, wherein thp second synthesis gas generating fluid 
comprises carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon 
in the formation to generate carbon monox/de. 

4754. The method of claim 4753, wherein a portion of the carbon dioxide within the 
second synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. / 

4755. The method of claim 4703, /vherein providing the first synthesis gas generating, 
fluid to the first portion of the selected section comprises raising a water table of the 
formation to allow water to flownnto the first portion of the selected section. 

4756. The method of claim 4703, wherein providing the second synthesis gas generating 
fluid to the second portion ofAhe selected section comprises raising a water table of the 
formation to allow water to flow into the second portion of the selected section. 

4757. The method of claim 4703, wherein the first synthesis gas generating fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
least a portion of the hydrocarbons are subjected to a reaction within the first portion of 
the selected section to increase a H2 concentration within the produced first synthesis gas. 

4758. The method of claim 4703, wherein the second synthesis gas generating fluid 
comprises water and/hydrocarbons having carbon numbers less than 5, and wherein at 
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least a portion of the hydrocarbons are subjected to a reaction within the second portion 
of the selected section to increase a H2 concentration within the produced second 
synthesis gas. A 

J! 

5 4759. The method of claim 4703, wherein the first synthesis gas generating fluid 

comprises water and hydrocarbons having carbon numbers greater than 4, and wherein at 
least a portion of the hydrocarbons react within the firs't portion of the selected section to 
increase an energy content of the produced first synthesis gas. 



10 4760. The method of claim 4703, wherein the ^econd synthesis gas generating fluid 

comprises water and hydrocarbons having carbon numbers greater than 4, and wherein at 
]^ least a portion of the hydrocarbons react witmn at least the second portion of the selected 

Rl section to increase an energy content of the/second produced synthesis gas. 

s .?? / 

I as / 
5 a H / 

!ll 4761 . The method of claim 4703, further comprising maintaining a pressure within the 
M / 

fif formation during synthesis gas generation, and passing produced blended synthesis gas 

p through a turbine to generate electricity. 
I / 

ru / 

M 4762. The method of claim 4703, iurther comprising generating electricity from the 
|g blended synthesis gas using a flxeycell. 

4763. The method of claim 47J&3, further comprising generating electricity from the 
blended synthesis gas using a niel cell, separating carbon dioxide from a fluid exiting the 
fuel cell, and storing a portion of the separated carbon dioxide within a spent section of 
25 the formation. / 



4764. The method of claim 4703, further comprising using a portion of the blended 
synthesis gas as a combustion fuel for the one or more heat sources. 

30 4765. The method of claim 4703, further comprising using a portion of the first 
synthesis gas as a combustion fuel for the one or more heat sources. 
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4766. The method of claim 4703, further comprising using a portion of the second 
synthesis gas as a combustion fuel for the one or more heat sources. 



synthesis gas as a combustion fuel for the one or more heat^ources. 



4767. The method of claim 4703, further comprising using/^ portion of the blended 



4768. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to /at least a portion of the 
formation; 

allowing the heat to transfer from the one or rpore heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 

producing pyrolysis products from the formation; 

heating at least a portion of the selected ^ectioh to a temperature sufficient to 
generate synthesis gas; 

controlling a temperature of at least a portion of the selected section to generate 
synthesis gas having a selected H2 to CO rati^; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and j 

producing a portion of the synthesis gas from the formation. 



4769. The method of claim 4768, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydro/arbons within the selected section of the 
formation. 



4770. The method of claim 4768, >vherein the selected ratio is controlled to be 
approximately 2:1 H2 to CO. 
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477 1 . The method of claim 4768, wherein the selected ratio is controlled to range from 
approximately 1.8:1 to approximately 2.2:1 F^to CO. 

4772. The method of claim 4768, wherein the selected ratio is (Controlled to be 
5 approximately 3:1 H2 to CO. /' 

4773. The method of claim 4768, wherein the selected ratio is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 H2to CO. / 

10 4774. The method of claim 4768, further comprising providing at least a portion of the 
JS3 . produced synthesis gas to a condensable hydrocarbon synthesis process to produce 

kt\ condensable hydrocarbons. / 

1 / 

H 4775. The method of claim 4774, wherein tfie condensable hydrocarbon synthesis 

w / 

CJ5 process comprises a Fischer-Tropsch process. 

IV / 

P 4776. The method of claim 4775, furth/r comprising cracking at least a portion of the 

-P / 

III condensable hydrocarbons to form middle distillates. 

P / 

ko 4777. The method of claim 4768, ttirther comprising providing at least a portion of the 
produced synthesis gas to a catalytic methanation process to produce methane. 

4778. The method of claim 47yb8, further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesis process to produce methanol. 

25 / 

4779. The method of claim 4768, further comprising providing at least a portion of the 
produced synthesis gas to k gasoline-synthesis process to produce gasoline. 

4780. The method of claim 4768, further comprising allowing the heat to transfer from 
30 the one or more heat sources to the selected section to substantially uniformly increase a 

permeability of the selected section. 
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478 1 . The method of claim 4768, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within th§ selected section of greater 
than about 100 millidarcy. 

4782. The method of claim 4768, further comprising l/eating at least the portion of the 
selected section when providing the synthesis gas gei/erating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 



10 
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4783. The method of claim 4768, wherein the /temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4784. The method of claim 4768, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the carbon- 
containing material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 



4785. The method of claim 4768, wherein heating at least the portion of the selected 
25 section to a temperature sufficient to allow synthesis gas generation comprises: 
introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, where/in the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 
30 reacting the oxidizing fluid within the portion of the selected section to generate 

heat and raise the temperature of the portion. 
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4786. The method of claim 4768, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. J 

/ 

4787. The method of claim 4768, wherein the one or more heat sources comprises one 
or more natural distributor combustors. 



4788. The method of claim 4768, wherein ^ie one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 



4789. The method of claim 4768, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at/least the portion of the selected section comprises 
introducing steam into the portion. 



4790. The method of claim 4768, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 



4791 . The method of claim 4768, wherein the synthesis gas generating fluid comprises 
liquid water. 

4792. The method of claim 4768, wherein the synthesis gas generating fluid comprises 
steam. 



4793. The method/of claim 4768, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 
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4794. The method of claim 4793, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4795. The method of claim 4768, wherein the syndesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. / 

4796. The method of claim 4795, whereha a portion of the carbon dioxide within the 
synthesis gas generating fluid compriseycarbon dioxide removed from the formation. 

4797. The method of claim 4768, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow mto the at least the portion of the selected section. 

4798. The method of claim 4768, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increases H2 concentration within the produced synthesis gas. 

4799. The method of clallm 4768, wherein the synthesis gas generating fluid comprises 
water and hydrocarbonsmaving carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarpons react within at least the portion of the selected section to 
increase an energy content of the produced synthesis gas. 

4800. The method/of claim 4768, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

480 1 . The method of claim 4768, further comprising generating electricity from the 
synthesis gas usfing a fuel cell. 
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4802. The method of claim 4768, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. J 

4803. The method of claim 4768, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat soiirces. 

4804. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more h^at sources to at least a portion of the 

formation; / 

allowing the heat to transfer frc/m the one or more heat sources to a selected 
section of the formation such that th/heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 

producing pyrolysis products from the formation; 

heating at least a portion/ of the selected section to a temperature sufficient to 
generate synthesis gas; / 

controlling a temperature in or proximate to a synthesis gas production well to 
generate synthesis gas having a selected H2 to CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 

producing synthesis gas from the formation. 

4805. The method oy claim 4804, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes afleast some hydrocarbons within the selected section of the 
formation. / 

4806. The method of claim 4804, wherein the selected ratio is controlled to be 
approximately 2t 1 F^to CO. 
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4807. The method of claim 4804, wherein the selected ratio is controlled to range from 
approximately 1.8:1 to approximately 2.2:1 F^to CO. 



4808. The method of claim 4804, wherein the selectecrratio is controlled to be 

/' 

approximately 3 : 1 fbtoCO. g 

4809. The method of claim 4804, wherein the selected ratio is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 H^/to CO. 



48 10. The method of claim 4804, further comprising providing at least a portion of the 
produced synthesis gas to a condensable hydrocarbon synthesis process to produce 
condensable hydrocarbons. 

4811. The method of claim 48 1 0, wherein the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsch/process. 



4812. The method of claim 48 1 1 y further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

/ 

4813. The method of claim 4804, further comprising providing at least a portion of the 
produced synthesis gas to a catalytic methanation process to produce methane. 

4814. The method of claim 4804, further comprising providing at least a portion of the 
produced synthesis gas to a methanol- synthesis process to produce methanol. 

48 1 5. The method of claim 4804, further comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 
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4816. The method of claim 4804, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. 

48 1 7. The method of claim 4804, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. / 

4818. The method of claim 4804, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

48 19. The method of claim 4804, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4820. The method of claim 480A, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent/to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wtterein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the carbon- 
containing material wimin the zones to produce heat in the zones; and 
transferring heat from/the zones to the selected section. 

4821. The method/of claim 4804, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 



\ 
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transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the portion orahe selected section to generate 
heat and raise the temperature of the portion. / ' 

4822. The method of claim 4804, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. / 

4823. The method of claim 4804, wherein the one or more heat sources comprises one 
or more natural distributor combustors. / 

4824. The method of claim 4804, wherein thJone or more heat sources comprise one or 
more heater wells, wherein at least one heater/well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. / 

4825. The method of claim 4804, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at lea^t the portion of the selected section comprises 
introducing steam into the portion. / 

4826. The method of claim 4804, prther comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at Least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

4827. The method of claim 4804, wherein the synthesis gas generating fluid comprises 
liquid water. / 
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4828. The method of claim 4804, wherein the synthesis gas generating fluid comprises 
steam. 

4829. The method of claim 4804, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits' production of carbon 
dioxide from the selected section. / 

4830. The method of claim 4829, wherein a portion of me carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

483 1 . The method of claim 4804, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. / 

4832. The method of claim 483 1, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4833. The method of claim 4804, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the/at least the portion of the selected section. 

4834. The method of claim 4804, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H2 concentration within the produced synthesis gas. 

4835. The method of claim 4804, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within at least the portion of the selected section to 
increase an energy content of ttte produced synthesis gas. 
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4836. The method of claim 4804, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. ; 

4837. The method of claim 4804, further comprising generating electricity from the 
synthesis gas using a fuel cell. 

4838. The method of claim 4804, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated cartyon dioxide within a spent section of the 
formation. 

4839. The method of claim 4804, fu/ther comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 



4840. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one yor more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation sucrfthat the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 

producing pyrolysis products from the formation; 

heating at least a portion of the selected section to a temperature sufficient to 
generate synthesis gas; 

controlling a temperature of at least a portion of the selected section to generate 
synthesis gas having a H2 to CO ratio different than a selected H2 to CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 

producing synthesis gas from the formation; 

providing at least a portion of the produced synthesis gas to a shift process 
wherein an amount of carbon monoxide is converted to carbon dioxide; 



v 
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separating at least a portion of the carbon dioxide to obtain a gas having a selected 
H 2 to CO ratio. 



484 1 . The method of claim 4840, wherein the one or iritre heat sources comprise at 
least two heat sources, and wherein superposition of hefat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within^tiie selected section of the 
formation. 



4842. The method of claim 4840, wherein the selected ratio is controlled to be 
1 0 approximately 2:1 H2 to CO. f 



4843. The method of claim 4840, wherein the selected ratio is controlled to range from 
4I approximately 1.8:1 to 2.2:1 H^to CO. ' 

W 

SI 4844. The method of claim 4840, wherein the selected ratio is controlled to be 
approximately 3:1 H2 to CO. 

J! 

ill 4845. The method of claim 4840, wherein the selected ratio is controlled to range from 

-I; 

f!J approximately 2.8:1 to 3.2:1 H2to CO. 
'3b 

4846. The method of claim 4840, further comprising providing at least a portion of the 
produced synthesis gas to a condensable hydrocarbon synthesis process to produce 
condensable hydrocarbons. 

25 4847. The method of claim 4846, wherein the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsch process. 

/ 

4848. The method ; of claim 4847, further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

30 
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4849. The method of claim 4840, further comprising providing at least a portion of the 
produced synthesis gas to a catalytic methanation process to produce methane. 

4850. The method of claim 4840, further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesis process to produce methanol. 

485 1 . The method of claim 4840, further comprising/providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 

4852. The method of claim 4840, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. / 

4853. The method of claim 4840, further Comprising controlling heat transfer from the 
one or more heat sources to produce a peraieability within the selected section of greater 
than about 100 millidarcy. / 

4854. The method of claim 4840, further comprising heating at least the portion of the 
selected section when providing the/synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

4855. The method of claim 4840, wherein the temperature sufficient to allow synthesis 
gas generation is within a rangeffrom approximately 400 °C to approximately 1200 °C. 

4856. The method of claim 4840, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with an oxidizing fluid; 

introducing the Oxidizing fluid to the zones substantially by diffusion; 
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allowing the oxidizing fluid to react with at least a portion of the carbon- 
containing material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 

4857. The method of claim 4840, wherein heating At least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the fomiation through a wellbore; 

transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within tl/e portion of the selected section to generate 
heat and raise the temperature of the portipn. 

4858. The method of claim 4840, whprein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

4859. The method of claim 4840, wherein the one or more heat sources comprises one 
or more natural distributor coml/ustors. 

4860. The method of claim/4840, wherein the one or more heat sources comprise one or 
more heater wells, wherein/at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. / 

4861 . The method ot claim 4840, wherein heating at least the portion of the selected 
section to a temperacure sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steam into the portion. 

4862. The method of claim 4840, further comprising controlling the heating of at least 
the portion of Selected section and provision of the synthesis gas generating fluid to 
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maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

// 

4863. The method of claim 4840, wherein the synthesis gas generating fluid comprises 
liquid water. 

4864. The method of claim 4840, wherein the/synthesis gas generating fluid comprises 
steam. 

4865. The method of claim 4840, whereir/the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the capon dioxide inhibits production of carbon 
dioxide from the selected section. 

4866. The method of claim 4865, wnerein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



4867. The method of claim 4840, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 



4868. The method of claim 4867, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4869. The method of cl/hn 4840, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 



4870. The method^of claim 4840, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to^ increase a H2 concentration within the produced synthesis gas. 
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4871. The method of claim 4840, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within at leajst the portion of the selected section to 
increase an energy content of the produced smthesis gas. 

4872. The method of claim 4840, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. / 

4873. The method of claim 4840; further comprising generating electricity from the 
synthesis gas using a fuel cell. / 

4874. The method of claim 4840, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. / 

4875. The method of claim 4840, further comprising using a portion of the synthesis gas 
as a combustion fuel fpr the one or more heat sources. 

4876. A method oyforming a spent portion of formation within a hydrocarbon 
containing formation, comprising: 

heating a first portion of the formation to pyrolyze hydrocarbons within the first 
portion and to establish a substantially uniform permeability within the first portion; and 
cooling ihe first portion. 

4877. The inethod of claim 4876, wherein heating the first portion comprises 
transferring Heat to the first portion from one or more electrical heaters. 
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4878. The method of claim 4876, wherein heating the first portion comprises 
transferring heat to the first portion from one or more natural distributor combustors. 

4879. The method of claim 4876, wherein heatingthe first portion comprises 
transferring heat to the first portion from one or more flameless distributor combustors. 

4880. The method of claim 4876, wherein heating* the first portion comprises 
transferring heat to the first portion from h^at transfer fluid flowing within one or more 
wellbores within the formation. 

4881. The method of claim 4880, wherein the heat transfer fluid comprises steam. 

4882. The method of claim 4880, wherein the heat transfer fluid comprises combustion 
products from a burner. 



4883. The method of claim 4876/ wherein heating the first portion comprises 
transferring heat to the first portion from at least two heater wells positioned within the- 
formation, wherein the at least yvo heater wells are placed in a substantially regular 
pattern, wherein the substantially regular pattern comprises repetition of a base heater 
unit, and wherein the base heater unit is formed of a number of heater wells. 



4884. The method of claim 4883, wherein a spacing between a pair of adjacent heater 
wells is within a range from about 6 m to about 15 m. 



4885. The method of claim 4883, further comprising removing fluid from the formation 
through one or more production wells. 



4886. The method of claim 4885, wherein the one or more production wells are located 
in a pattern, and wherein the one or more production wells are positioned substantially at 
centers of base heater units. 



970 



Conley, Rose& Tayon, P.C. 



4887. The method of claim 4883, wherein the heater unit comprises three heater wells 
positioned substantially at apexes of an equilateral triangle. 

4888. The method of claim 4883, wherein the heAter unit comprises four heater wells 
5 positioned substantially at apexes of a rectangle. / 

4889. The method of claim 4883, wherein the heater unit comprises five heater wells 
positioned substantially at apexes of a regular pentagon. 

10 4890. The method of claim 4883, wherein the heater unit comprises six heater wells 
a-i positioned substantially at apexes of a regular hexagon. 

S |I 4891 . The method of claim 4876, fuixher comprising introducing water to the first 

l^l portion to cool the formation. / 

11 / 

k' 4892. The method of claim 4876Yfurther comprising removing steam from the 

f i / 
'J! formation. / 

Si / 

q 4893 . The method of claim 48V2, further comprising using a portion of the removed 
h 6 steam to heat a second portion of the formation. 

4894. The method of claim 4876, further comprising removing pyrolyzation products 
from the formation. / 

25 4895. The method of claim 4876, further comprising generating synthesis gas within the 
portion by introducing a synthesis gas generating fluid into the portion, and removing 
synthesis gas from the formation. 

4896. The method of claim 4876, further comprising heating a second section of the 
30 formation to pyrolyze hydrocarbons within the second portion, removing pyrolyzation 
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fluid from the second portion, and storing a portion of the removed pyrolyzation fluid 
within the first portion. 



4897. The method of claim 4896, wherein the portion of the removed pyrolyzation fluid 
is stored within the first portion when surface facilities/that process the removed 
pyrolyzation fluid are not able to process the portion of the removed pyrolyzation fluid. 

4898. The method of claim 4896, further comprising heating the first portion to 
facilitate removal of the stored pyrolyzation fluid from the first portion. 

4899. The method of claim 4876, further comprising generating synthesis gas within a 
second portion of the formation, removing/synthesis gas from the second portion, and 
storing a portion of the removed synthesis gas within the first portion. 



4900. The method of claim 4899, wh4rein the portion of the removed synthesis gas from 
the second portion are stored withiiy^ie first portion when surface facilities that process 
the removed synthesis gas are not able to process the portion of the removed synthesis 
gas. 



490 1 . The method of claim 4899, further comprising heating the first portion to 
facilitate removal of the stored synthesis gas from the first portion. 



4902. The method of claim 4876, further comprising removing at least a portion of 
carbon containing material in the first portion and, further comprising using at least a 
portion of the carbon containing material removed from the formation in a metallurgical 
application. 



4903. The method of claim 4902, wherein the metallurgical application comprises steel 
manufacturing. 
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4904. A method of sequestering carbon dioxide within a hydrocarbon containing 
formation, comprising: 

heating a portion of the formation to increase permeability and form a 
substantially uniform permeability within the portions 
allowing the portion to cool; and 
storing carbon dioxide within the portion. , 

4905. The method of claim 4904, wherein the^ermeability of the portion is increased to 
over 100 millidarcy. 

4906. The method of claim 4904, further (fomprising raising a water level within the 
portion to inhibit migration of the carbonyaioxide from the portion. 

4907. The method of claim 4904, further comprising heating the portion to release 
carbon dioxide, and removing carbon dioxide from the portion. 

4908. The method of claim 4904/ further comprising pyrolyzing hydrocarbons within 
the portion during heating of the^portion, and removing pyrolyzation product from the 
formation. 

4909. The method of claim 4904, further comprising producing synthesis gas from the 
portion during the heating oi the portion, and removing synthesis gas from the formation. 



49 1 0. The method of cla/m 4904, wherein heating the portion comprises: 

heating carbon containing material adjacent to one or more wellbores to a 
temperature sufficient tp support oxidation of the carbon containing material with an 
oxidizing fluid; 

introducing the oxidizing fluid to carbon containing material adjacent to the one 
or more wellbores to oxidize the hydrocarbons and produce heat; and 
conveying riroduced heat to the portion. 



973 



Conley, Rose & Tayon, P.C. 



4911. The method of claim 4910, wherein heating carbon containing material adj acent 
to the one or more wells comprises electrically heating the carbon containing material. 



4912. The method of claim 4910, wherein the temperatufe sufficient to support 
oxidation is in a range between approximately 200°C to approximately 1200 °C. 



49 1 3 . The method of claim 4904, wherein heating the portion comprises circulating heat 
transfer fluid through one or more heating wells within the formation. 



4914. The method of claim 4913, wherein the heat transfer fluid comprises combustion 
products from a burner. / 



4915. The method of claim 4913, wherein the heat transfer fluid comprises steam. 

49 16. The method of claim 4904, further comprising removing fluid from the formation 
during heating of the formation, and combusting a portion of the removed fluid to 
generate heat to heat the formation. 



49 1 7. The method of claim 4904, further comprising using at least a portion of the 
carbon dioxide for hydrocarbon bed demethanation prior to storing the carbon dioxide 
within the portion. ' 



49 1 8. The method of claim 4904, further comprising using a portion of the carbon 
dioxide for enhanced oil recovery prior to storing the carbon dioxide within the portion. 

49 1 9. The method of claim 4904, wherein at least a portion of the carbon dioxide 
comprises carbon dioxide generated in a fuel cell. 

4920. The method of claim 4904, wherein at least a portion of the carbon dioxide 
comprises carbon dioxide formed as a combustion product. 



/ 
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492 1 . The method of claim 4904, further comprising allowing the portion to cool by 
introducing water to the portion; and removing the water from the formation as steam. 

/ 

4922. The method of claim 492 1 , further comprising using the steam as a heat transfer 
fluid to heat a second portion of the formation. / 

4923. The method of claim 4904, wherein storing carbon dioxide in the portion 
comprises adsorbing carbon dioxide to carbon containing material within the formation. 

4924. The method of claim 4904, wherein storing carbon dioxide comprises passing a 
first fluid stream comprising the carbcm dioxide and other fluid through the portion; 
adsorbing carbon dioxide onto carbcm containing material within the formation; and 
removing a second fluid stream from the formation, wherein a concentration of the other 
fluid in the second fluid stream is greater than concentration of other fluid in the first 
stream due to the absence of tae adsorbed carbon dioxide in the second stream. 

4925. The method of claim 4904, wherein an amount of carbon dioxide stored within 
the portion is equal to or greater than an amount of carbon dioxide generated within the 
portion and removed from the formation during heating of the portion. 

4926. The method m claim 4904, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4927. The method of claim 4904, further comprising providing heat from three or more 
heat sources ko at least a portion of the formation, wherein three or more of the heat 
sources areiocated in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



975 



Coniey, Rose & Tayon, P.C. 



4928. A method of in situ sequestration of carbon dioxide within a hydrocarbon 
containing formation in situ, comprising: 

providing heat from one or more heat sources to at least a first portion of the 
formation; / 

allowing the heat to transfer from one or more sources to a selected section of the 
formation such that the heat from the one or more heat sources pyrolyzes at least some of 
the hydrocarbons within the selected section oythe formation; 

producing pyrolyzation fluids, whereip the pyrolyzation fluids comprise carbon 
dioxide; and / 

storing an amount of carbon dioxide in the formation, wherein the amount of 
stored carbon dioxide is equal to or greater than an amount of carbon dioxide within the 
pyrolyzation fluids. / 

4929. The method of claim 4928, wherein the one or more heat sources comprise at 
least two heat sources, and whereiir superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

4930. The method of claim 4928, wherein the carbon dioxide is stored within a spent 
portion of the formation. / 

493 1 . The method of claim 4928, wherein a portion of the carbon dioxide stored within 
the formation is carbon dioxide separated from the pyrolyzation fluids. 

4932. The method of claim 4928, further comprising separating a portion of carbon 
dioxide from the pyrolyzation fluids, and using the carbon dioxide as a flooding agent in 
enhanced oil recovery. 

4933. The methoa of claim 4928, further comprising separating a portion of carbon 
dioxide from the pyrolyzation fluids, and using the carbon dioxide as a synthesis gas 
generating fluid ior the generation of synthesis gas from a section of the formation that is 
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heated to a temperature sufficient to generate synthesis gas upon introduction of the 
synthesis gas generating fluid. 



4934. The method of claim 4928, further comprising/separating a portion of carbon 
dioxide from the pyrolyzation fluids, arid using the carbon dioxide to displace 
hydrocarbon bed methane. 



4935. The method of claim 4934, wherein the/hydrocarbon bed is a deep hydrocarbon 
bed located over 760 m below ground si irface/ 

4936. The method of claim 4934, furthjer comprising adsorbing a portion of the carbon 
dioxide within the hydrocarbon bed. 



4937. The method of claim 4928, 
pyrolyzation fluids as a feed stream for 



furtHer comprising using at least a portion of the 
a fuel cell. 



4938. The method of claim 4937, 
further comprising storing an amount o 
amount of carbon dioxide generated by 



wherein the fuel cell generates carbon dioxide, and 
carbon dioxide equal to or greater than an 
the fuel cell within the formation. 



4939. The method of claim 4928 
carbon containing material within a 
from which condensable hydrocarbons 
portion of the formation is at a temperafxire 
carbon containing material. 



4940. The method of claim 4928 
spent portion to inhibit migration 



4941. The method of claim 4928, whe: 
comprises removing pyrolyzation products from the formation. 



wherein a spent portion of the formation comprises 
section of the formation that has been heated and 
lave been produced, and wherein the spent 
at which carbon dioxide adsorbs onto the 



further comprising raising a water level within the 
of the| carbon dioxide from the portion. 



ein producing fluids from the formation 
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4942. The method of claim 4928, wherein producing fluids from the formation 
comprises heating the selected section to a temperature sufficient to generate synthesis 
gas; introducing a synthesis gas generating fluid into the selected section; and removing 
synthesis gas from the formation. / 

4943. The method of claim 4942, wherein the temperature sufficient to generate 
synthesis gas ranges from about 400 °C to about 1200 °C. 

4944. The method of claim 4942, wherein heattng the selected section comprises 
introducing an oxidizing fluid into the selected/section, reacting the oxidizing fluid within 
the selected section to heat the selected section. 

4945. The method of claim 4942, whereinmeating the selected section comprises: 
heating carbon containing material/adjacent to one or more wellbores to a 

temperature sufficient to support oxidation of the carbon containing material with an 
oxidant; / 

introducing the oxidant to carbon containing material adjacent to the one or more 
wellbores to oxidize the hydrocarbons and produce heat; and 

conveying produced heat to tme portion. 

4946. The method of claim 4928, Avherein the spent portion of the formation comprises 
a substantially uniform permeability created by heating the spent formation and removing 
fluid during formation of the spent portion. 

4947. The method of claim 4928, wherein the one or more heat sources comprise 
electrical heaters. / 

4948. The method of claim 4928, wherein the one or more heat sources comprise 
flameless distributor combustors. 
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4949. The method of claim 4948, wherein a portion of fuel for the one or more 
flameless distributor combustors is obtained from the formation. 

4950. The method of claim 4928, wherein the one or more heat sources comprise heater 
wells in the formation through which heat transfer fluid/is circulated. 



495 1 . The method of claim 4950, wherein the heat transfer fluid comprises combustion 
products. 

4952. The method of claim 4950, wherein the heat transfer fluid comprises steam. 

4953. The method of claim 4928, wherein condensable hydrocarbons are produced 
under pressure, and further comprising generating electricity by passing a portion of the 
produced fluids through a turbine. 

4954. The method of claim 4928, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit pf heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4955. The method of claim 4928, further comprising providing heat from three or more 
heat sources to at least a portion of the forr&ation, wherein three or more of the heat 
sources are located in the formation in a limit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4956. A method for in situ production ff energy from a hydrocarbon containing 
formation, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 
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allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least a portion of the hydrocarbons within the selected section of the formation; 

producing pyrolysis products from the formation; 

providing at least a portion of the pyrolysis products to a reformer to generate 
synthesis gas; 

producing the synthesis gas from the reformer; 

providing at least a portion of the produced synthesis gas to a fuel cell to produce 
electricity, wherein the fuel cell produces a carboA dioxide containing exit stream; and 

storing at least a portion of the carbon dioxide in the carbon dioxide containing 
exit stream in a subsurface formation. 



4957. The method of claim 4956, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbon^ within the selected section of the 
formation. 



4958. The method of claim 4956, wherei^ at least a portion of the pyrolysis products are 
used as fuel in the reformer. 

4959. The method of claim 4956, wherein the synthesis gas comprises substantially of 
H 2 . 

4960. The method of claim 4956, wl/erein the subsurface formation is a spent portion of 
the formation. 

4961. The method of claim 4956, wherein the subsurface formation is an oil reservoir. 



4962. The method of claim 496 V, wherein at least a portion of the carbon dioxide is used 
as a drive fluid for enhanced oil recovery in the oil reservoir. 
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4963. The method of claim 4956, wherein the subsurface formation is a hydrocarbon 
formation. 

4964. The method of claim 4956, wherein at lept a portion of the carbon dioxide is used 
to produce methane from the hydrocarbon formatipn. 

4965. The method of claim 4963, wherein the coal formation is located over about 760 
m below ground surface. / 

4966. The method of claim 4964, further comprising sequestering at least a portion of 
the carbon dioxide within the hydrocarbon formation. 

4967. The method of claim 4956, wherein the reformer produces a reformer carbon 
dioxide containing exit stream. / 

4968. The method of claim 4966, ftirther comprising storing at least a portion of the 
carbon dioxide in the reformer cartoon dioxide containing exit stream in the subsurface 
formation. / 

4969. The method of claim 49t>8, wherein the subsurface formation is a spent portion of 
the formation. / 

4970. The method of clainV 4968, wherein the subsurface formation is an oil reservoir. 

4971 . The method of claim 4970, wherein at least a portion of the carbon dioxide in the 
reformer carbon dioxide containing exit stream is used as a drive fluid for enhanced oil 
recovery in the oil reservoir. 

4972. The method of claim 4968, wherein the subsurface formation is a hydrocarbon 
formation. / 
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4973. The method of claim 4872, wherein at least a portion of the carbon dioxide in the 
reformer carbon dioxide containing exit stream is used to produce methane from the 
hydrocarbon formation. 

4974. The method of claim 4972/wh^rein the hydrocarbon formation is located over 
about 760 m below ground surface. 



4975. The method of claim 4973, further comprising sequestering at least a portion of 
the carbon dioxide in the reformer carbon dioxide containing exit stream within the 
10 hydrocarbon formation. 
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4976. The method of claim 4956, whei ein the fuel cell is a molten carbonate fuel cell. 

4977. The method of claim 4956, wherein the fuel cell is a solid oxide fuel cell. 

4978. The method of claim 4956, further comprising using a portion of the produced 
electricity to power electrical heaters within the formation. 



4979. The method of claim 4956, further 
pyrolysis products as a feed stream for the 



comprising using a portion of the produced 
fuel cell. 



25 498 1 . The method of claim 4956, whereir 



4980. The method of claim 4956, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 



the one or more heat sources comprise one or 



more flameless distributor combustors disposed in the formation. 

4982. The method of claim 498 1, wherein \l portion of fuel for the flameless distributor 
combustors is obtained from the formation. 



30 
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4983. The method of claim 4956, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater] well comprises a conduit disposed within 



the formation, and further comprising heating 
the conduit. 



the conduit by flowing a hot fluid through 



4984. The method of claim 4956, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

4985. A method for producing ammonia^ising a carbon containing formation, 
comprising: 

separating air to produce an O2 rfch stream and a N2 rich stream; 

heating a selected section of the* formation to a temperature sufficient to support 
reaction of carbon-containing material/in the formation to form synthesis gas; 

providing synthesis gas generating fluid and at least a portion of the O2 rich 
stream to the selected section; 

allowing the synthesis gas generating fluid and O2 in the O2 rich stream to react 
with at least a portion of the carbon-pntaining material in the formation to generate 
synthesis gas; 

producing synthesis gas fro^i the formation, wherein the synthesis gas comprises 
H 2 and CO; 

providing at least a portioi^ of the H 2 in the synthesis gas to an ammonia synthesis 
process; 

providing N 2 to the ammjbnia synthesis process; and 
using the ammonia synthesis process to generate ammonia. 

4986. The method of claim 4985, wherein the ratio of the H 2 to N 2 provided to the 
ammonia synthesis process ia approximately 3:1. 



4987. The method of claim/4985, wherein the ratio of the H 2 to N 2 provided to the 
ammonia synthesis process ranges from approximately 2.8:1 to approximately 3.2:1. 
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4988. The method of claim 4985, wherein the temperature sufficient to support reaction 
of carbon-containing material in the formation to form s^thesis gas ranges from 
approximately 400 °C to approximately 1200 °C. '* 

4989. The method of claim 4985, further comprising/separating at least a portion of 
carbon dioxide in the synthesis gas from at least a portion of the synthesis gas. 

4990. The method of claim 4989, wherein the carbon dioxide is separated from the 
synthesis gas by an amine separator. / 

4991 . The method of claim 4990, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process to produce urea. 

4992. The method of claim 4985, wherein at least a portion of the N 2 stream is used to 
condense hydrocarbons with 4 or more carbon atoms from a pyrolyzation fluid. 

4993. The method of claim 4985, whe/ein at least a portion of the N 2 rich stream is 
provided to the ammonia synthesis process. 

4994. The method of claim 4985, vtfierein the air is separated by cryogenic distillation. 

4995. The method of claim 4985, Avherein the air is separated by membrane separation. 

4996. The method of claim 4985, wherein fluids produced during pyrolysis of a 
hydrocarbon containing formation comprise ammonia and, further comprising adding at 
least a portion of such arnmonja to the ammonia generated from the ammonia synthesis 
process. 

4997. The method of claii 
hydrocarbon formation are 



[4985, wherein fluids produced during pyrolysis of a 
lydrotreated and at least some ammonia is produced during 
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hydrotreating, and, further comprising adding at least a portion of such ammonia to the 
ammonia generated from the ammonia synthesis process. 

4998. The method of claim 4985, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 

4999. The method of claim 4985, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 

5000. The method of claim 4985, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising shifting at 
least a portion of the carbon monoxide to carbon dioxide in a shift process, and further 
comprising providing at least a portion of the carbon dioxide from the shift process to the 
urea synthesis process. / 

5001 . The method of claim 4985, wherein heating the selected section of the formation 
to a temperature to support reaction of carbon containing material in the formation to 
form synthesis gas comprises: / 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with O2 in the O2 rich stream; 

introducing the O2 to the zones substantially by diffusion; 

allowing O2 in the O2 yich stream to react with at least a portion of the carbon- 
containing material within the zones to produce heat in the zones; and 

transferring heat from the zones to the selected section. 

5002. The method of claim 500 1 , wherein temperatures sufficient to support reaction of 
carbon-containing materikl within the zones with O2 range from approximately 200 °C to 
approximately 1200 °C. / 
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5003. The method of claim 5001 , wherein the one or more heat sources comprises one 
or more electrical heaters disposed in the formation. 

5004. The method of claim 5001, wherein the one or more heat sources comprises one 
or more natural distributor combustors. / ' 

5005. The method of claim 5001 , wherein ttie one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. / 

5006. The method of claim 5001 , furtHer comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

5007. The method of claim 4985, Wherein heating the selected section of the formation 
to a temperature to support reaction/of carbon containing material in the formation to 
form synthesis gas comprises: / 

introducing the O2 rich stream into the formation through a wellbore; 

transporting 0 2 in the 0 2 rich stream substantially by convection into the portion 
of the selected section, wherein the portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with O2 in the O2 rich stream; and 

reacting the O2 within the portion of the selected section to generate heat and raise 
the temperature of the portioiy 

5008. The method of clain 
oxidization reaction with O] 
°C. 

5009. The method of cla 
or more electrical heaters 



f 5008, wherein the temperature sufficient to support an 
► ranges from approximately 200 °C to approximately 1200 



m 5008, wherein the one or more heat sources comprises one 
disposed in the formation. 
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5010. The method of claim 5008, wherein the one or more heat sources comprises one 
or more natural distributor combustors. 



5011. The method of claim 5008, wherein the pne or more heat sources comprise one or 
more heater wells, wherein at least one heater comprises a conduit disposed within 
the formation, and further comprising heating Ahe conduit by flowing a hot fluid through 
the conduit. / 

5012. The method of claim 5008, further Comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more Meat sources. 

5013. The method of claim 4985, further comprising controlling the heating of at least 
the portion of the selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least/the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

5014. The method of claim 4985, wherein the synthesis gas generating fluid comprises 
liquid water. / 

5015. The method of claim 4985,1 wherein the synthesis gas generating fluid comprises 
steam. / 

5016. The method of claim 498'5, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 



5017. The method of claim/ 5016, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 
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501 8. The method of claim 4985, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

5 5019. The method of claim 501 8, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxid^ removed from the formation. 

5020. The method of claim 4985, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
10 formation to allow water to flow into the at least tinte portion of the selected section. 

*!) 502 1 . A method for producing ammonia using/a carbon containing formation, 

H) 7 

jg comprising: / 

f ! generating a first ammonia feed stream from a first portion of the formation; 

Uj / 

generating a second ammonia feed stream from a second portion of the formation, 

PJ / 

'J" wherein the second ammonia feed stream has a H2 to N2 ratio greater than a H2 to N2 ratio 

fcj of the first ammonia feed stream; / 

\\l blending at least a portion of the first ammonia feed stream with at least a portion 

£! / 

*£l of the second ammonia feed stream to produce a blended ammonia feed stream having a 
W / 

feb selected H2 to N2 ratio; / 

providing the blended ammoniaffeed stream to an ammonia synthesis process; and 
using the ammonia synthesis process to generate ammonia. 

5022. The method of claim 5021, wherein the selected ratio is approximately 3:1. 
25 / 

5023. The method of claim 5021, /wherein the selected ratio ranges from approximately 
2.8: 1 to approximately 3.2: 1 . / 

5024. The method of claim 5021, further comprising separating at least a portion of 
30 carbon dioxide in the first ammonia feed stream from at least a portion of the first 

ammonia feed stream. / 
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5025. The method of claim 5024, wherein the carbon dioxide is separated from the first 
ammonia feed stream by an amine separator. * 



5026. The method of claim 5025, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process. / 

5027. The method of claim 5021, further comprising separating at least a portion of 
carbon dioxide in the blended ammonia feed stream from at least a portion of the blended 
ammonia feed stream. / 

5028. The method of claim 5027, wherein the carbon dioxide is separated from the 
blended ammonia feed stream by an amine/separator. 

5029. The method of claim 5028, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process 

5030. The method of claim 5021, further comprising separating at least a portion of 
carbon dioxide in the second ammonia feed stream from at least a portion of the second 
ammonia feed stream. / 

503 1 . The method of claim 5030, wherein the carbon dioxide is separated from the 
second ammonia feed stream by an amine separator. 

5032. The method of claim 563 1 , further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process. 

5033. The method of claim 5021 , wherein fluids produced during pyrolysis of a 
hydrocarbon containing formation comprise ammonia and, further comprising adding at 
least a portion of such ammonia to the ammonia generated from the ammonia synthesis 
process. / 
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5034. The method of claim 502 1 , wherein fluids produced during pyrolysis of a 
hydrocarbon formation are hydrotreated and at leasj^ some ammonia is produced during 
hydrotreating, and further comprising adding at least a portion of such ammonia to the 
ammonia generated from the ammonia synthesis process. 



5035. The method of claim 502 1 , further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 



5036. The method of claim 502 1 , further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 



5037. The method of claim 5021, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to^produce urea and further comprising shifting at 
least a portion of carbon monoxide in the blended ammonia feed stream to carbon dioxide 
in a shift process, and further comprising providing at least a portion of the carbon 
dioxide from the shift process to thenirea synthesis process. 



5038. A method for producing ammonia using a carbon containing formation, 
comprising: / 

heating a selected section/of the formation to a temperature sufficient to support 
reaction of carbon-containing material in the formation to form synthesis gas; 

providing a synthesis gas generating fluid and an O2 rich stream to the selected 
section, wherein the amount of N 2 in the 0 2 rich stream is sufficient to generate synthesis 
gas having a selected ratio 0^2 to N 2 ; 

allowing the synthesis gas generating fluid and 0 2 in the 0 2 rich stream to react 
with at least a portion of the carbon-containing material in the formation to generate 
synthesis gas having a selected ratio of H 2 to N 2 ; 

producing the synthesis gas from the formation; 
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providing at least a portion of the H2 and N2 in the synthesis gas to an ammonia 
synthesis process; 

using the ammonia synthesis process to generat^'kmmonia. 

5039. The method of claim 5038, further comprising controlling a temperature of at 
least a portion of the selected section to generate synthesis gas having the selected H 2 to 
N2 ratio. 

5040. The method of claim 5038, wherein the selected ratio is approximately 3:1. 

5041 . The method of claim 5038, wherein tj/e selected ratio ranges from approximately 
2.8:1 to 3.2:1. 

5042. The method of claim 5038, wherein the temperature sufficient to support reaction 
of carbon-containing material in the formation to form synthesis gas ranges from 
approximately 400 °C to approximately 1200 °C. 

5043. The method of claim 5038,/vherein the 0 2 stream and N 2 stream are obtained by 
cryogenic separation of air. 

5044. The method of claim 5Q&8, wherein the 0 2 stream and N 2 stream are obtained by 
membrane separation of air. 

5045. The method of claim 5038, further comprising separating at least a portion of 
carbon dioxide in the synthesis gas from at least a portion of the synthesis gas. 

5046. The method of dlaim 5045, wherein the carbon dioxide is separated from the 
synthesis gas by an amine separator. 



5047. The method 6f claim 5046, further comprising providing at least a portion of the 



carbon dioxide to a 



irea synthesis process. 
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5048. The method of claim 5038, wherein fluids produced during pyrolysis of a 
hydrocarbon containing formation comprise ammonia and, further comprising adding at 
least a portion of such ammonia to the ammonj'a generated from the ammonia synthesis 
process. 



5049. The method of claim 5038, wherein iluids produced during pyrolysis of a 
hydrocarbon formation are hydrotreated anti at least some ammonia is produced during 
hydrotreating, and further comprising adding at least a portion of such ammonia to the 
ammonia generated from the ammonia synthesis process. 



5050. The method of claim 5038, funher comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 

505 1 . The method of claim 5038, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 

5052. The method of claim 5038, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and further comprising shifting at 
least a portion of carbon monoxide in the synthesis gas to carbon dioxide in a shift 
process, and further comprising providing at least a portion of the carbon dioxide from 
the shift process to the urea/synthesis process. 

5053. The method of claim 5038, wherein heating a selected section of the formation to 
a temperature to supportJreaction of carbon containing material in the formation to form 
synthesis gas comprises': 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with O2 in the O2 rich stream; 
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introducing the O2 to the zones substantially by diffusion; 
allowing O2 in the O2 rich stream to react with at least a portion of the carbon- 
containing material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 

5054. The method of claim 5053, wherein tep^eratures sufficient to support reaction of 
carbon-containing material within the zones fintyx O2 range from approximately 200 °C to 
approximately 1200 °C. 

5055. The method of claim 5053, wherein the one or more heat sources comprises one 
or more electrical heaters disposed in the/formation. 

5056. The method of claim 5053, wherein the one or more heat sources comprises one 
or more natural distributor combustor 

5057. The method of claim 5053, wnerein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further compris/ng heating the conduit by flowing a hot fluid through 
the conduit. 

5058. The method of claim 50^3, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

5059. The method of claim 3038, wherein heating the selected section of the formation 
to a temperature to support reaction of carbon containing material in the formation to 
form synthesis gas comprise 

introducing the O2 rich stream into the formation through a wellbore; 

transporting O2 in tpe O2 rich stream substantially by convection into the portion 
of the selected section, wrferein the portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with O2 in the O2 rich stream; and 
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reacting the O2 within the portion of the selected section to generate heat and raise 
the temperature of the portion. • 



5060. The method of claim 5059, wherein the temperature sufficient to support an 
oxidization reaction with O2 ranges from approximately 200 °C to approximately 1200 



5061. The method of claim 5059, wherein throne or more heat sources comprises one 
or more electrical heaters disposed in the formation. 

5062. The method of claim 5059, wherein/the one or more heat sources comprises one 
or more natural distributor combustors. 

5063. The method of claim 5059, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one /neater well comprises a conduit disposed within 
the formation, and further comprising /leating the conduit by flowing a hot fluid through 
the conduit. 

5064. The method of claim 5059, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

5065. The method of claim 50^8, further comprising controlling the heating of at least 
the portion of the selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within/at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

5066. The method of claiip 5038, wherein the synthesis gas generating fluid comprises 
liquid water. 

5067. The method of claim 5038, wherein the synthesis gas generating fluid comprises 
steam. 
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5068. The method of claim 5038, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. / 

5069. The method of claim 5068, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

5070. The method of claim 5038, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. / 

507 1 . The method of claim 5070, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

5072. The method of claim 5038, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow mto the at least the portion of the selected section. 

5073. A method for producing ammonia using a carbon containing formation, 
comprising: / 

providing a first stream comprising N2 and carbon dioxide to the formation; 

allowing at least a portion of the carbon dioxide in the first stream to adsorb in the 
formation; / 

producing a secona stream from the formation, wherein the second stream 
comprises a lower percentage of carbon dioxide than the first stream; 

providing at least a portion of the N 2 in the second stream to an ammonia 
synthesis process. / 

5074. The method of claim 5073, wherein the second stream comprises H 2 from the 
formation. 
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5075. The method of claim 5073, wherein the first stream is produced from a carbon 
containing formation. . 

5076. The method of claim 5075, wherein the first stream is generated by reacting a 
oxidizing fluid with carbon containing material irythe formation. 

5077. The method of claim 5073, wherein the/second stream comprises H 2 from the 
formation and, further comprising providing such H 2 to the ammonia synthesis process. 

5078. The method of claim 5073, further Comprising using the ammonia synthesis 
process to generate ammonia. / 

5079. The method of claim 5078, wheriin fluids produced during pyrolysis of a 
hydrocarbon containing formation comprise ammonia and, further comprising adding at 
least a portion of such ammonia to the Ammonia generated from the ammonia synthesis 
process. / 

5080. The method of claim 5078, wherein fluids produced during pyrolysis of a 
hydrocarbon formation are hydrotrepted and at least some ammonia is produced during 
hydrotreating, and further comprising adding at least a portion of such ammonia to the 
ammonia generated from the ammonia synthesis process. 

5081 . The method of claim 5078, further comprising providing at least a portion of the 
ammonia to a urea synthesis prpcess to produce urea. 

5082. The method of claim 
ammonia to a urea synthesis 
carbon dioxide from the forri 



p078, further comprising providing at least a portion of the 
)rocess to produce urea and, further comprising providing 
lation to the urea synthesis process. 
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5083 . The method of claim 5078, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce ure^ and further comprising shifting at 
least a portion of carbon monoxide in the syntheses gas to carbon dioxide in a shift 
process, and further comprising providing at least a portion of the carbon dioxide from 
the shift process to the urea synthes 




5084. A method of treating a hydrocarbqh containing permeable formation in situ, 
comprising: 

providing heat from one or mor^heat sources to at least one portion of the 
10 permeable formation; 

». allowing the heat to transfer fr6m the one or more heat sources to a selected 

W / 

mobilization section of the permeable formation such that the heat from the one or more 
(9 / 

t ll heat sources can mobilize at least some of the hydrocarbons within the selected 

=~b / 

f ! mobilization section of the permeable formation; 

TM controlling the heat from the one or more heat sources such that an average 

temperature within at least a majority of the selected mobilization section of the 

permeable formation is less than' about 1 50°C; 
4? / 

!!J allowing the heat to transfer from the one or more heat sources to a selected 

p pyrolyzation section of the penneable formation such that the heat from the one or more 

Ho heat sources can pyrolyze at least some of the hydrocarbons within the selected 

pyrolyzation section of the permeable formation; 

controlling the heat from the one or more heat sources such that an average 

temperature within at least a majority of the selected pyrolyzation section of the 

permeable formation is les^ than about 375°C; and 
25 producing a mixture from the permeable formation. 

5085 . The method of cte im 5084, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can mobilize at least some of the hydrocarbons within the selected mobilization 

30 section of the permeable formation. 



Conley, Rose & Tayon, P.C. 



5086. The method of claim 5084, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can mobilize at least some of the hydrocarbons within the selected pyrolyzation 
section of the permeable formation. 

5087. The method of claim 5084, wherein the/^ne or more heat sources comprise 
electrical heaters. 



10 



5088. The method of claim 5084, wherein /he one or more heat sources comprise 
surface burners. 
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5089. The method of claim 5084, wherein the one or more heat sources comprise 
flameless distributed combustors. 

5090. The method of claim 5084, w/ierein the one or more heat sources comprise natural 
distributed combustors. 

5091 . The method of claim 5084/ further comprising disposing the one or more heat 
sources horizontally within the permeable formation. 

5092. The method of claim 5084, further comprising controlling a pressure and a 
temperature within at least a majority of the permeable formation, wherein the pressure is 
controlled as a function of tepiperature, or the temperature is controlled as a function of 
pressure. 

5093. The method of claiin 5084, further comprising controlling the heat such that an 
average heating rate of thp selected pyrolyzation section is less than about 15 °C/day 
during pyrolysis. 



30 5094. The method of cftaim 5084, wherein providing heat from the one or more heat 
sources to at least the portion of permeable formation comprises: 
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heating a selected volume (V) of the hydrocarbon containing permeable formation 
from the one or more heat sources, wherein the formation has an average heat 
capacity(Cv), and wherein the heating pyrolyzes at least some hydrocarbons within the 
selected volume of the formation; and / • 

wherein heating energy/day provided toyihe volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr =h*V*C*p B I 
wherein Pwr is the heating energy/daw h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

5095. The method of claim 5084, wherein allowing the heat to transfer from the one or 
more heat sources to the selected mobilization section and/or the selected pyrolyzation 
section comprises transferring heat substantially by conduction. 

5096. The method of claim 5084, wherein producing the mixture from the permeable 
formation further comprises producing mixture having an API gravity of at least about 
25°. / 

5097. The method of claim 5084, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.5 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is nitrogen. 

5098. The method of claim 5084, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 7 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is oxygen. 

5099. The method oflclaim 5084, wherein the produced mixture comprises sulfur, and 
wherein less than about 5 % by weight, of the condensable hydrocarbons, when 
calculated on an atomic basis, is sulfur. 
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5 1 00. The method of claim 5084, further comprising controlling a pressure within at 
least a majority of the permeable formation, wherein the controlled pressure is at least 
about 2 bar absolute. 

5101 . The method of claim 5084, further comprising altering a pressure within the 
permeable formation to inhibit production of hydrocarbons from the permeable formation 
having carbon numbers greater than about 25. 

5 102. The method of claim 5084, furthe^' comprising: 
providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons within 

the section; and 

heating a portion of the section with heatf from hydrogenation. 



5 103. The method of claim 5084, wherein ihe produced mixture comprises condensable 
hydrocarbons and hydrogen, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons v/ith at least a portion of the produced hydrogen. 



5104. The method of claim 5084, wherein producing the mixture from the permeable 
formation further comprises producing/the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein at least about/4 heat sources are disposed in the permeable 
formation for each production well. 

5105. The method of claim 5084iwherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein the production well is disposed substantially horizontally within 
the permeable formation. 

5 106. The method of claim ^084, further comprising separating the mixture into a gas 
stream and a liquid stream. 

i 
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5107. The method of claim 5084, further comprising separating the mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. 

5 1 08. The method of claim 5084, wherein ih'e mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the weMbore. 

5 1 09. The method of claim 5084, wherefin the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, and further comprising heating the 
permeable formation with the heater element to produce the mixture, wherein the mixture 
comprises non-condensable hydrocarbons and H2. 

5110. The method of claim 5084, ^herein a minimum mobilization temperature is about 
75 °C 

5111. The method of claim 5084/ wherein a minimum pyrolysis temperature is about 
270 °C. 

5112. The method of claim 5084, further comprising maintaining the pressure within the 
permeable formation above about 2 bar absolute to inhibit production of fluids having 
carbon numbers above 25. 



5113. The method of claim 5G)84, further comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an amount of 
condensable fluids within the mixture, wherein the pressure is reduced to increase 
production of condensable fluids, and wherein the pressure is increased to increase 
production of non-condensable fluids. 



v 
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5114. The method of claim 5084, further comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an API gravity of 
condensable fluids within the mixture, wherein thfe pressure is reduced to decrease the 
API gravity, and wherein the pressure is increased to reduce the API gravity. 

5115. The method of claim 5084, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 

5116. The method of claim 5084, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation. 

5117. The method of claim 5084, further comprising providing a gas to the permeable 
formation, wherein the gas is configured/to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, and wherein the gas comprises 
carbon dioxide. 

5118. The method of claim 5084, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of me permeable formation, and wherein the gas comprises 
nitrogen. 



5119. The method of claim 5084, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selecied mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
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controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled. 



5 120. The method of claim 5084, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled, wherein the pressijre of the provided gas is above about 2 bar 
absolute. 

5121. The method of claim 5084, further (Comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled, wherein j?he pressure of the provided gas is below about 70 
bar absolute. 

5 1 22. A method of treating a hydrocarbon containing permeable formation in situ, 
comprising: 

providing heat from on^ or more heat sources to at least one portion of the 
permeable formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
mobilization section of the permeable formation such that the heat from the one or more 
heat sources can mobilize /at least some of the hydrocarbons within the selected 
mobilization section of the permeable formation; 

controlling the heat from the one or more heat sources such that an average 
temperature within at jeast a majority of the selected mobilization section of the 
permeable formation is less than about 150°C; 
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allowing the heat to transfer from the one or more heat sources to a selected 
pyrolyzation section of the permeable formation such that the heat from the one or more 
heat sources can pyrolyze at least some of the hydrocarbons within the selected 
pyrolyzation section of the permeable formation; / / 



controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected pyrolyzation section of the 
permeable formation is less than about 375°C; / 

allowing at least some of the mobilized hydrocarbons to flow from the selected 
mobilization section of the permeable formation to/the selected pyrolyzation section of 
the permeable formation; and / 

producing a mixture from the permeable formation. 

5 123. The method of claim 51 22, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superpos/tion of heat from the one or more heat 
sources can mobilize at least some of the hVurocarbons within the selected mobilization 
section of the permeable formation. / 

5124. The method of claim 5122, wheyein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can pyrolyze at least some ofAhe hydrocarbons within the selected pyrolyzation 
section of the permeable formation. / 

5125. The method of claim 5 1 271 wherein the one or more heat sources comprise 
electrical heaters. / 

5126. The method of claim 5yl22, wherein the one or more heat sources comprise 
surface burners. / 

5 127. The method of claim 5 122, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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5 128. The method of claim 5 122, wherein the one or more heat sources comprise natural 
distributed combustors. 

5 1 29. The method of claim 5 1 22, further comprising disposing the one or more heat 
5 sources horizontally within the permeable formation. / 

5130. The method of claim 5 1 22, further comprising controlling a pressure and a 
temperature within at least a majority of the permeable formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 

10 pressure. / 

C) / 

'41 5131. The method of claim 5122, further comprising controlling the heat such that an 

gi 7 

„|j average heating rate of the selected pyrolyzation section is less than about 15 °C/day 
fl during pyrolysis. / 

m / 

ill / 

5 132. The method of claim 5 122, wherein providing heat from the one or more heat 
y sources to at least the portion of permeable formation comprises: 

III heating a selected volume (V)lof the hydrocarbon containing permeable formation 

42 / 

il~ from the one or more heat sources, wherein the formation has an average heat 

sail / 

l$0 capacity(C v ), and wherein the heating pyrolyzes at least some hydrocarbons within the 
selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by thJequation: 

Pwr = h*V*C v *p B 

25 wherein Pwr is the heating energy/day, h is an average heating rate of the 

formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

5133. The method of claim 5122, wherein allowing the heat to transfer from the one or 
30 more heat sources to the selected mobilization section and/or the selected pyrolyzation 

section comprises transferring heat substantially by conduction. 
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5 134. The method of claim 5 122, wherein producing the mixture from the permeable 
formation further comprises producing a mixture^having an API gravity of at least about 



25 c 



/ 



5135. The method of claim 5 122, where in tjie produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.5 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is nitrogen. 

5136. The method of claim 5 1 22, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 7 % by weight, of the condensable 
hydrocarbons, when calculated on an /atomic basis, is oxygen. 

5137. The method of claim 5122, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is sulfur. 

5138. The method of claim 5 122, further comprising controlling a pressure within at 
least a majority of the permeablp formation, wherein the controlled pressure is at least 
about 2 bar absolute. 



5139. The method of claim 5122, further comprising altering a pressure within the 
permeable formation to inhibit production of hydrocarbons from the permeable formation 
having carbon numbers greats ;r than about 25. 

5 1 40. The method of claim 5122, further comprising: 

providing hydrogen (H;) to the heated section to hydrogenate hydrocarbons within 
the section; and 

heating a portion of thd section with heat from hydrogenation. 
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5141. The method of claim 5 1 22, wherein the produced mixture comprises condensable 
hydrocarbons and hydrogen, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

* ^ * 

5 142. The method of claim 5 122, wherein producing the mixture from the permeable 
formation further comprises producing mixture in a production well, wherein the heating 

can be produced from the permeable formation, and 



is controlled such that the mixture 



wherein at least about 4 heat sources are disposed in the permeable formation for each 



production well. 



/ 



/ 



5 143 . The method of claim 5122, wherein producing the mixture from the permeable 
formation further comprises producing mixture in a production well, wherein the heating 
is controlled such that the mixture can be produced from the permeable formation, and 
wherein the production well is disposed substantially horizontally within the permeable 
formation. 



5 1 44. The method of claim 5122, 
stream and a liquid stream. 



ler comprising separating the mixture into a gas 



5 145. The method of claim 5 122, fuhher comprising separating the mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. 

5146. The method of claim 5122, whetein the mixture is produced from a production 
well, the method further comprising healing a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 



5 1 47. The method of claim 5 1 22, wherem the mixture is produced from a production 
well, wherein a wellbore of the production! well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, and further comprising heating the 
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permeable formation with the heater element to produce the mixture, wherein the mixture 
comprises non-condensable hydrocarbons and H2. 



5 1 48. The method of claim 5 1 22£ wherein' a minimum mobilization temperature is about 
75 °C. 

5149. The method of claim 5122, wheije/n a minimum pyrolysis temperature is about 
270 °C. 



5150. The method of claim 5122, forth 
permeable formation above about 2 
carbon numbers above 25. 



er comprising maintaining the pressure within the 
bar (absolute to inhibit production of fluids having 



5151. The method of claim 5 1 22, fortifier comprising controlling pressure within the 
permeable formation in a range from abiut atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an amount of 
condensable fluids within the mixture, wherein the pressure is reduced to increase 
production of condensable fluids, and wherein the pressure is increased to increase 
production of non-condensable fluids. 



5152. The method of claim 5 1 22, further 
permeable formation in a range from about 
absolute, as measured at a wellhead of a 
condensable fluids within the mixture, wl 
API gravity, and wherein the pressure is i 



comprising controlling pressure within the 
atmospheric pressure to about 100 bar 
production well, to control an API gravity of 
erein the pressure is reduced to decrease the 
increased to reduce the API gravity. 



5153. The method of claim 5122, wherein jmobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 



5154. The method of claim 5 1 22, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
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hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation. 

51 55. The method of claim 5 1 22, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, and wherein the gas comprises 
carbon dioxide. / 

5156. The method of claim 5 122, furtheycomprising providing a gas to the permeable 
formation, wherein the gas is configuredAo increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, and wherein the gas comprises 
nitrogen. / 

5157. The method of claim 5 122 jturther comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section or the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled. / 

5158. The method of claim 5122, further comprising providing a gas to the permeable 
formation, wherein the gap is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled, wherein the pressure of the provided gas is above about 2 bar 
absolute. / 
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5159. The method of claim 5 1 22, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a |low of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that tne flow of the mobilized 
hydrocarbons is controlled, wherein the pressure of the provided gas is below about 1 00 
bar absolute. / 

5 160. A method of treating a hydrocarbon containing permeable formation in situ, 
comprising: / 

providing heat from one or more heat sources to at least one portion of the 
permeable formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
mobilization section of the permeable forma/ion such that the heat from the one or more 
heat sources can mobilize at least some of tne hydrocarbons within the selected 
mobilization section of the permeable formation; 

controlling the heat from the one ot more heat sources such that an average 
temperature within at least a majority of pe selected mobilization section of the 
permeable formation is less than about y50°C; 

allowing the heat to transfer from the one or more heat sources to a selected 
pyrolyzation section of the permeable /formation such that the heat from the one or more 
heat sources can pyrolyze at least some of the hydrocarbons within the selected 
pyrolyzation section of the permeable formation; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected pyrolyzation section of the 
permeable formation is less thanabout 375°C; 

allowing at least some of the mobilized hydrocarbons to flow from the selected 
mobilization section of the permeable formation to the selected pyrolyzation section of 
the permeable formation; / 

providing a gas to thef permeable formation, wherein the gas is configured to 
increase a flow of the mobilized hydrocarbons from the selected mobilization section of 
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the permeable formation to the selected pyrolyzation section of the permeable formation; 
and 

producing a mixture from the permeable formation. 

5161. The method of claim 5 1 60, wherein the one or/more heat sources comprise at 
least two heat sources, and wherein the heat from the/one or more heat sources can 
mobilize at least some of the hydrocarbons within tl/e selected mobilization section of the 
permeable formation. 

5162. The method of claim 5160, wherein the o/ie or more heat sources comprise at 
least two heat sources, and wherein the heat from the one or more heat sources can 
pyrolyze at least some of the hydrocarbons wipin the selected pyrolyzation section of the 
permeable formation. 

5163. The method of claim 5160, whereii/ the one or more heat sources comprise 
electrical heaters. 

5164. The method of claim 5 160, whe/ein the one or more heat sources comprise 
surface burners. 

5165. The method of claim 5160, vyWein the one or more heat sources comprise 
flameless distributed combustors. 

5 1 66. The method of claim 5 1 60, wherein the one or more heat sources comprise natural 

distributed combustors. j 

t 

5 1 67. The method of claim 5 1 60, further comprising disposing the one or more heat 
sources horizontally within the permeable formation. 

5 168. The method of claim 5 160, further comprising controlling a pressure and a 
temperature within at least a majority of the permeable formation, wherein the pressure is 
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controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 

I 

5169. The method of claim 5 160, further comprising controlling the heat such that an 
average heating rate of the selected pyrolyzationysection is less than about 15 °C/day 
during pyrolysis. 

5 1 70. The method of claim 5 1 60, wherein providing heat from the one or more heat 
sources to at least the portion of permeable formation comprises: 

heating a selected volume (V) of the/hydrocarbon containing permeable formation 
from the one or more heat sources, wherein the formation has an average heat 
capacity(Cv), and wherein the heating pyyblyzes at least some hydrocarbons within the 
selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



5171. The method of claim 5 1 60, wherein allowing the heat to transfer from the one or 
more heat sources to the selected mobilization section and/or the selected pyrolyzation 
section comprises transferring/heat substantially by conduction. 



5 1 72. The method of claim' 5 1 60, wherein producing mixture from the permeable 
formation further comprises producing mixture having an API gravity of at least about 
25°. 



5173. The method of claim 5 1 60, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.5 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is nitrogen. 
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5 1 74. The method of claim 5 1 60, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein less than about 7 % by weight, of the condensable 

j 

hydrocarbons, when calculated on an atomic basis, is oxygen. 

5 175. The method of claim 5 1 60, wherein the ppduced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % m weight, of the condensable 
hydrocarbons, when calculated on an atomic ba/sis, is sulfur. 

5 176. The method of claim 5 1 60, further comprising controlling a pressure within at 
least a majority of the permeable formation!; wherein the controlled pressure is at least 
about 2 bar absolute. / 

5177. The method of claim 5 1 60, furmer comprising altering a pressure within the 
permeable formation to inhibit production of hydrocarbons from the permeable formation 
having carbon numbers greater thaiyabout 25. 

5178. The method of claim 5 1 60, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons within 
the section; and / 

heating a portion of the Section with heat from hydrogenation. 

5 1 79. The method of claim 5 1 60, wherein the produced mixture comprises condensable 
hydrocarbons and hydrogen, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5180. The method or claim 5 160, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein at least about 4 heat sources are disposed in the permeable 
formation for each production well. 
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5181. The method of claim 5 1 60, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein the production well is disposed Substantially horizontally within 
the permeable formation. 



5 1 82. The method of claim 5 160, further comprising separating the mixture into a gas 
stream and a liquid stream. 

5 1 83. The method of claim 5 160, further composing separating the mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. 

5 1 84. The method of claim 5 160, wherein the mixture is produced from a production 
well, the method further comprising heating/a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 

5185. The method of claim 5 1 60, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, and further comprising heating the 
permeable formation with the heater element to produce the mixture, wherein the mixture 
comprise non-condensable hydrocarbons and H2. 

5 1 86. The method of claim 5 160, ^herein a minimum mobilization temperature is about 
75 °C. 

5 1 87. The method of claim 5 1 60, wherein a minimum pyrolysis temperature is about 
270 °C. 
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5188. The method of claim 5 1 60, further comprising maintaining the pressure within the 
permeable formation above about 2 bar absolute to inhibit production of fluids having 
carbon numbers above 25. , 

5 1 89. The method of claim 5 160, further comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead off a production well, to control an amount of 
condensable fluids within the mixture, wherein the pressure is reduced to increase 
production of condensable fluids, and wherein the pressure is increased to increase 
production of non-condensable fluids. 



5 1 90. The method of claim 5 1 60, further comprising controlling pressure within the 
permeable formation in a rangjfrom about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an API gravity of 
condensable fluids within the mixture, wherein the pressure is reduced to decrease the 
API gravity, and wherein the pressure is increased to reduce the API gravity. 



5191. The method of claim 
selected mobilization section 



5160, wherein mobilizing the hydrocarbons within the 
domprises reducing a viscosity of the hydrocarbons. 



5 192. The method of claim f 160, wherein the provided gas comprises carbon dioxide. 

5193. The method of claim 5 1 60, wherein the provided gas comprises nitrogen. 

5 1 94. The method of claim/ 5 1 60, further comprising controlling a pressure of the 
provided gas such that the flow of the mobilized hydrocarbons is controlled. 



5195. The method of claim 5160, further comprising controlling a pressure of the 



provided gas such that the 



flow of the mobilized hydrocarbons is controlled, wherein the 



pressure of the provided gas is above about 2 bar absolute. 
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5 196. The method of claim 5 1 60, further comprising controlling a pressure of the 
provided gas such that the flow of the mobilized hydrocarbons is controlled, wherein the 
pressure of the provided gas is below about 100 bar absolute. 

5 5 197. A method of treating a hydrocarbon containing permeable formation in situ, 
comprising: 

providing heat from one or more heat ^'ources to at least one portion of the 
permeable formation; 

allowing the heat to transfer from the' one or more heat sources to a selected 
10 mobilization section of the permeable formation such that the heat from the one or more 
^ heat sources can mobilize at least some o^the hydrocarbons within the selected 
'4) mobilization section of the permeable formation; 

J5 controlling the heat from the one! or more heat sources such that an average 

j 88 * temperature within at least a majority of the selected mobilization section of the 
IB permeable formation is less than about 150°C; 

allowing the heat to transfer from the one or more heat sources to a selected 
M pyrolyzation section of the permeabl^ formation such that the heat from the one or more 
li) heat sources can pyrolyze at least some of the hydrocarbons within the selected 
•f I pyrolyzation section of the permeable formation; 

feb controlling the heat from the one or more heat sources such that an average 

temperature within at least a majority of the selected pyrolyzation section of the 
permeable formation is less than about 375°C; 

allowing at least some^of the mobilized hydrocarbons to flow from the selected 
mobilization section of the permeable formation to the selected pyrolyzation section of 
25 the permeable formation; j 

providing a gas to the permeable formation, wherein the gas is configured to 
increase a flow of the mobilized hydrocarbons from the selected mobilization section of 
the permeable formation to the selected pyrolyzation section of the permeable formation; 
controlling a pressure of the provided gas such that the flow of the mobilized 
30 hydrocarbons is controlled; and 



producing a mixture from the permeable formation. 
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5 1 98. The method of claim 5 1 97, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of hd|at from the one or more heat 
sources can mobilize at least some of the hydrocarbons within the selected mobilization 
section of the permeable formation. / 

5 199. The method of claim 5197, wherein the onewr more heat sources comprise at 
least two heat sources, and wherein superposition ©f heat from the one or more heat 
sources can pyrolyze at least some of the hydrocarbons within the selected pyrolyzation 
section of the permeable formation. / 

5200. The method of claim 5 197, wherein the one or more heat sources comprise 
electrical heaters. / 

5201 . The method of claim 5 197, wherein ihe one or more heat sources comprise 
surface burners. / 

5202. The method of claim 5 197, wherem the one or more heat sources comprise 
flameless distributed combustors. / 

5203. The method of claim 5 197, whe/ein the one or more heat sources comprise natural 
distributed combustors. 

5204. The method of claim 5 197, 
sources horizontally within the per 

5205. The method of claim 5 197/ further comprising controlling a pressure and a 
temperature within at least a majority of the permeable formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. / 



ther comprising disposing the one or more heat 
ieable formation. 
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5206. The method of claim 5 197, further comprising controlling the heat such that an 
average heating rate of the selected pyrolyzation section is less than about 15 °C/day 
during pyrolysis. 

5207. The method of claim 5 197, wherein providing heat from the one or more heat 
sources to at least the portion of permeable formation comprises: 

heating a selected volume (V) of the hydrocarbon containing permeable formation 
from the one or more heat sources, wherein line formation has an average heat 
capacity(C v ) 5 and wherein the heating pyrofyzes at least some hydrocarbons within the 
selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr - h*V*C v *p B 

wherein Pwr is the heating energy/day, A is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

5208. The method of claim 5 197, ^herein allowing the heat to transfer from the one or 
more heat sources to the selected mobilization section and/or the selected pyrolyzation 
section comprises transferring heal substantially by conduction. 

5209. The method of claim 5 1 97, wherein producing the mixture from the permeable 
formation further comprises producing mixture having an API gravity of at least about 
25°. 



5210. The method of claim/ 5 1 97, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Aess than about 0.5 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is nitrogen. 
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521 1. The method of claim 5 197, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 7 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is oxygen. 

I / 

52 1 2. The method of claim 5 1 97, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aroout 5 we ight> of the condensable 
hydrocarbons, when calculated on an atomic basis, is sulfur. 



5213. The method of claim 5 1 97 ; 
least a majority of the permeable 
about 2 bar absolute. 



further comprising controlling a pressure within at 
formation, wherein the controlled pressure is at least 



5214. The method of claim 5 197 
permeable formation to inhibit producft 
having carbon numbers greater than 



/ 



fur ther < 



comprising altering a pressure within the 
ion of hydrocarbons from the permeable formation 
about 25. 



5215. The method of claim 5197; further comprising: 

providing hydrogen (H 2 ) to the 1 eated section to hydrogenate hydrocarbons within 
the section; and 

heating a portion of the section with heat from hydrogenation. 



52 1 6. The method of claim 5 1 97, wh 
hydrocarbons and hydrogen, the 
the produced condensable 5 hydrocarbohs 



rein the produced mixture comprises condensable 
method further comprising hydrogenating a portion of 
with at least a portion of the produced hydrogen. 



5217. The method of claim 5197, 
formation further comprises producin 
heating is controlled such that the 
formation, and wherein at least about 
formation for each production well. 



wherein producing the mixture from the permeable 

the mixture in a production well, wherein the 
mixture can be produced from the permeable 
heat sources are disposed in the permeable 



1019 



Conley, Rose & Tayon, PC. 



521 8. The method of claim 5 1 97, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein the production well is disposed substantially horizontally within 
the permeable formation. 

52 1 9. The method of claim 5 1 97, further comprising separating the mixture into a gas 
stream and a liquid stream. 



5220. The method of claim 5 1 97, further comprising separating the mixture into a gas 
stream and a liquid stream and separating th^ liquid stream into an aqueous stream and a 
non-aqueous stream. 



522 1 . The method of claim 5 1 97, wherein the mixture is produced from a production 



well, the method further comprising heatir 



condensation of the mixture within the wellbore 



g a wellbore of the production well to inhibit 



5222. The method of claim 5 197, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, and further comprising heating the 
permeable formation with the heater elemtnt to produce the mixture, wherein the mixture 
comprises non-condensable hydrocarbons and H2. 



5223 . The method of claim 5197, wherein a minimum mobilization temperature is about 
75 °C. 



5224. The method of claim 5 197, whefein a minimum pyrolysis temperature is about 
270 °C. 
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5225. The method of claim 5 1 97, further comprising maintaining the pressure within the 
permeable formation above about 2 bar absolute to inhibit production of fluids having 
carbon numbers above 25. 



5226. The method of claim 5 1 97, further comprising; controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production vyell, to control an amount of 
condensable fluids within the mixture, wherein the pr sssure is reduced to increase 
production of condensable fluids, and wherein the pressure is increased to increase 
production of non-condensable fluids. 



5227. The method of claim 5197, further comprisjhg controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 1 00 bar 
absolute, as measured at a wellhead of a productiod well, to control an API gravity of 
condensable fluids within the mixture, wherein thfe pressure is reduced to decrease the 
API gravity, and wherein the pressure is increased to reduce the API gravity. 

5228. The method of claim 5 1 97, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 



5229. The method of claim 5 1 97, wherein the i rovided gas comprises carbon dioxide 

5230. The method of claim 5 197, wherein the provided gas comprises nitrogen. 

5231. The method of claim 5 1 97, wherein the pressure of the provided gas is above 
about 2 bar absolute. 



5232. The method of claim 5 1 97, wherein the 
about 70 bar absolute. 



pressure of the provided gas is below 
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5233. A method of treating a hydrocarbon containing permeable formation in situ, 
comprising: 

providing heat from one or more heat sources to at least one portion of the 
permeable formation; / 

allowing the heat to transfer from me one or more heat sources to a selected 
mobilization section of the permeable formation such that the heat from the one or more 
heat sources can mobilize at least some of the hydrocarbons within the selected 
mobilization section of the permeable formation; 

controlling the heat from throne or more heat sources such that an average 
temperature within at least a majonty of the selected mobilization section of the 
permeable formation is less than about 150°C; 

allowing the heat to transfer from the one or more heat sources to a selected 
pyrolyzation section of the permeable formation such that the heat from the one or more 
heat sources can pyrolyze at least some of the hydrocarbons within the selected 
pyrolyzation section of the permeable formation; 

controlling the heattfrom the one or more heat sources such that an average 
temperature within at least a majority of the selected pyrolyzation section of the 
permeable formation is less than about 375°C; and 

producing a mixture from the permeable formation in a production well, wherein 
the production well is disposed substantially horizontally within the permeable formation. 

5234. The method 01 claim 5233, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can mobilize at least some of the hydrocarbons within the selected mobilization 
section of the permeable formation. 

5235. The method of claim 5233, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can pyrolyze at least some of the hydrocarbons within the selected pyrolyzation 
section of the permeable formation. 
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5236. The method of claim 5233, wherein the one or more heat sources comprise 
electrical heaters. 

5237. The method of claim 5233, wherein the one or more heat sources comprise 
surface burners. / 

5238. The method of claim 5233, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

5239. The method of claim 5233, wl/erein the one or more heat sources comprise natural 
distributed combustors. / 

5240. The method of claim 523 Y, further comprising disposing the one or more heat 
sources horizontally within the riermeable formation. 

5241. The method of claim 5233, further comprising controlling a pressure and a 
temperature within at least a majority of the permeable formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. / 

5242. The method of claim 5233, further comprising controlling the heat such that an 
average heating rate of me selected pyrolyzation section is less than about 15 °C/day 
during pyrolysis. / 

5243. The method of claim 5233, wherein providing heat from the one or more heat 
sources to at least tne portion of permeable formation comprises: 

heating a smected volume (V) of the hydrocarbon containing permeable formation 
from the one or more heat sources, wherein the formation has an average heat 
capacity(C v ), and/wherein the heating pyrolyzes at least some hydrocarbons within the 
selected volume pf the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B ft 
wherein Pwr is the heating energy/day, h is' an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

5244. The method of claim 5233, wherein aMowing the heat to transfer from the one or 
more heat sources to the selected mobilization section and/or the selected pyrolyzation 
section comprises transferring heat substantially by conduction. 

5245. The method of claim 5233, wherein producing mixture from the permeable 
formation further comprises producing? mixture having an API gravity of at least about 
25°. 

5246. The method of claim 5233ywherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tnan about 0.5 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is nitrogen. 

5247. The method of claim 5233, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 7 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is oxygen. 

5248. The method of claim 5233, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is sulfur. 

5249. The method of claim 5233, further comprising controlling a pressure within at 
least a majority of tine permeable formation, wherein the controlled pressure is at least 
about 2 bar absolute. 
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5250. The method of claim 5233, further comprising altering a pressure within the 
permeable formation to inhibit production of hydrocarbons from the permeable formation 
having carbon numbers greater than about 25. 

525 1 . The method of claim 5233, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons within 
the section; and / 

heating a portion of the section with he&t from hydrogenation. 

5252. The method of claim 5233, wherein the produced mixture comprises condensable 
hydrocarbons and hydrogen, the methodnurther comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5253. The method of claim 5233, wherein producing the mixture from the permeable 
formation further comprises produc/ng the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein at least abfout 4 heat sources are disposed in the permeable 
formation for each production well. 

5254. The method of claim 9233, further comprising separating the mixture into a gas 
stream and a liquid stream. / 

5255. The method of claipi 5233, further comprising separating the mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. / 

5256. The method oflclaim 5233, wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 
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5257. The method of claim 5233, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the permeable formation adjacent to the weill^re, and further comprising heating the 
permeable formation with the heat^ element to produce the mixture, wherein the mixture 
comprises non-condensable hydrocarbons and 



5258. The method of claim 5233, whejrein a minimum mobilization temperature is about 
75 °C. 



a ii 

/ 



5259. The method of claim 5233, wherein a minimum pyrolysis temperature is about 
270 °C. 

5260. The method of claim 5233, further comprising maintaining the pressure within the 
permeable formation above about 2 ba- absolute to inhibit production of fluids having 
carbon numbers above 25. 



5261. The method of claim 5233, further comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an amount of 
condensable fluids within the mixture, wherein the pressure is reduced to increase 
production of condensable fluids, and wherein the pressure is increased to increase 
production of non-condensable fluids. 

5262. The method of claim 5233, further comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an API gravity of 
condensable fluids within the mixture, wherein the pressure is reduced to decrease the 
API gravity, and wherein the pressure is increased to reduce the API gravity. 



5263 . The method of claim 5233, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 
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5264. The method of claim 5233, further comprising providing a gas to the permeable 
formation, wherein the gas is configured tohncrease a flow of the mobilized 

i 

hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation. 

5265. The method of claim 5233, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilizatioy section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, and wherein the gas comprises 
carbon dioxide. 



5266. The method of claim 5233, further] comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 



selected pyrolyzation section of the permeable formation, and wherein the gas comprises 
nitrogen. 



5267. The method of claim 5233, further comprising providing a gas to the permeable 
formation, wherein the gas is configurec to increase a flow of the mobilized 
hydrocarbons from the selected mobiliz ition section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gjas such that the flow of the mobilized 
hydrocarbons is controlled. 

5268. The method of claim 5233, fur her comprising providing a gas to the permeable 
formation, wherein the gas is configuijed to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 



controlling a pressure of the provided 



gas such that the flow of the mobilized 
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hydrocarbons is controlled, wherein the pressure of the provided gas is above about 2 bar 
absolute. / 

5269. The method of claim 5233, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase/a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such/that the flow of the mobilized 
hydrocarbons is controlled, wherein the pressure of the provided gas is below about 70 
bar absolute. / 

5270. A method of treating a hydrocarbon containing permeable formation in situ, 
comprising: / 

providing heat from one or more heat sources to at least one portion of the 
permeable formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
mobilization section of the permeable formation such that the heat from the one or more 
heat sources can mobilize at leasx some of the hydrocarbons within the selected 
mobilization section of the permeable formation; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least ^najority of the selected mobilization section of the 
permeable formation is less than about 150°C; 

providing a gas toAhe permeable formation, wherein the gas is configured to 
increase a flow of the mobilized hydrocarbons within the permeable formation; and 

producing a mixture from the permeable formation. 

5271 . The methodyof claim 5270, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can mobilize at least some of the hydrocarbons within the selected mobilization 
section of the permeable formation. 
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5272. The method of claim 5270, wherein the one or more heat sources comprise 
electrical heaters. 

5273. The method of claim 5270, wherein thaone or more heat sources comprise 
surface burners. / 

5274. The method of claim 5270, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

5275. The method of claim 5270, wherein the one or more heat sources comprise natural 
distributed combustors. / 

5276. The method of claim 5270; further comprising disposing the one or more heat 
sources horizontally within the permeable formation. 

5277. The method of claim 5270, further comprising controlling a pressure and a 
temperature within at least ^majority of the permeable formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. / 

5278. The method of claim 5270, wherein providing heat from the one or more heat 
sources to at least theAortion of permeable formation comprises: 

heating a selected volume (V) of the hydrocarbon containing permeable formation 
from the one or more heat sources, wherein the formation has an average heat 
capacity(Cv), andAvherein the heating pyrolyzes at least some hydrocarbons within the 
selected volumerof the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr h h*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

/ 

5279. The method of claim 5270, wherein allowing the heat to transfer from the one or 

/ / 

more heat sources to the selected mobilization sebtion comprises transferring heat 
substantially by conduction. / 

5280. The method of claim 5270, further comprising controlling a pressure within at 
least a majority of the permeable formation, wherein the controlled pressure is at least 
about 2 bar absolute. / 

5281 . The method of claim 5270, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein at leas/ about 4 heat sources are disposed in the permeable 
formation for each production well. 

5282. The method of claim 5270, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled sucn that the mixture can be produced from the permeable 
formation, and wherein the production well is disposed substantially horizontally within 
the permeable formation. 

5283. The method of claim 5270, further comprising separating the mixture into a gas 
stream and a liquid sftream. 

5284. The methcfd of claim 5270, further comprising separating the mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. 
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5285. The method of claim 5270, wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 

5286. The method of claim 5270, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the permeable formation adjacent to the wdlbore, and further comprising heating the 
permeable formation with the heater element ft) produce the mixture, wherein the mixture 
comprise non-condensable hydrocarbons anp H2. 

5287. The method of claim 5270, wherein a minimum mobilization temperature is about 
75 °C. 7 

5288. The method of claim 5270, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 

5289. The method of claim 5270/ wherein the provided gas comprises carbon dioxide. 

5290. The method of claim 5270, wherein the provided gas comprises nitrogen. 

5291. The method of claim 5270, further comprising controlling a pressure of the 
provided gas such that the flow of the mobilized hydrocarbons is controlled. 

5292. The method of claim 5270, further comprising controlling a pressure of the 
provided gas such that thtf flow of the mobilized hydrocarbons is controlled, wherein the 
pressure of the providedigas is above about 2 bar absolute. 

5293 . The method of Jblaim 5270, further comprising controlling a pressure of the 
provided gas such that the flow of the mobilized hydrocarbons is controlled, wherein the 
pressure of the provided gas is below about 70 bar absolute. 
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5294. A method of treating a hydrocarbon containing permeable formation in situ, 
comprising: , 

providing heat from one or more heat sources to at least one portion of the 
permeable formation; / 

allowing the heat to transfer from the/one or more heat sources to a selected 
mobilization section of the permeable formation such that the heat from the one or more 
heat sources can mobilize at least some of me hydrocarbons within the selected 
mobilization section of the permeable formation; 

controlling the heat from the one/or more heat sources such that an average 
temperature within at least a majority 01 the selected mobilization section of the 
permeable formation is less than about 150°C; 

providing a gas to the permeaole formation, wherein the gas is configured to 
increase a flow of the mobilized hyarocarbons within the permeable formation; 

controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled; and / 

producing a mixture from the permeable formation. 

5295. The method of claim 5£94, wherein the one or more heat sources comprise at 
least two heat sources, and wnerein superposition of heat from the one or more heat 
sources can mobilize at leasi some of the hydrocarbons within the selected mobilization 
section of the permeable formation. 

5296. The method of claim 5294, wherein the one or more heat sources comprise 
electrical heaters. / 

5297. The method or claim 5294, wherein the one or more heat sources comprise 
surface burners. / 

5298. The method of claim 5294, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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5299. The method of claim 5294, wherein the one or more heat sources comprise natural 
distributed combustors. 

A 

5300. The method of claim 5294, further comprising disposing the one or more heat 
sources horizontally within the permeable formation. 

5301 . The method of claim 5294, further comprising controlling a pressure and a 
temperature within at least a majority of thefoermeable formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. / 

5302. The method of claim 5294, whe/ein providing heat from the one or more heat 
sources to at least the portion of permeable formation comprises: 

heating a selected volume (V) of the hydrocarbon containing permeable formation 
from the one or more heat sources, wherein the formation has an average heat 
capacity(C v ), and wherein the heating pyrolyzes at least some hydrocarbons within the 
selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the /equation: 

Pwr = h*V*C v *p B I 
wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bull/ density, and wherein the heating rate is less than about 10 
°C/day. / 

5303. The method of clairii 5294, wherein allowing the heat to transfer from the one or 
more heat sources to the selected mobilization section comprises transferring heat 
substantially by conduction. 

5304. The method of claim 5294, further comprising controlling a pressure within at 
least a majority of the/permeable formation, wherein the controlled pressure is at least 
about 2 bar absolute. ' 
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5305. The method of claim 5294, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein at least about 4 heat sources are disposed in the permeable 
formation for each production well. / 

5306. The method of claim 5294, whe/ein producing the mixture from the permeable 
formation further comprises producingrthe mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein the production well is disposed substantially horizontally within 
the permeable formation. / 

5307. The method of claim 5294', further comprising separating the mixture into a gas 
stream and a liquid stream. / 

[94, further comprising separating the mixture into a gas 
separating the liquid stream into an aqueous stream and a 

5309. The method of claii^i 5294, wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 

53 10. The method of daim 5294, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the permeable fo/mation adjacent to the wellbore, and further comprising heating the 
permeable formation/with the heater element to produce the mixture, wherein the mixture 
comprise non-condensable hydrocarbons and H2. 



5308. The method of claim 
stream and a liquid stream an^ 
non-aqueous stream. 
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5311. The method of claim 5294, wherein a minimum mobilization temperature is about 
75 °C. 

5312. The method of claim 5294, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 

5313. The method of claim 5294, wipein the provided gas comprises carbon dioxide. 

5314. The method of claim 5294, wherein the provided gas comprises nitrogen. 

5315. The method of claim 5294/ wherein the pressure of the provided gas is above 
about 2 bar absolute. / 

5316. The method of claim 52P4, wherein the pressure of the provided gas is below 
about 70 bar absolute. / 

5317. A method for treating Hydrocarbons in at least a portion of a hydrocarbon 
containing formation, whereim the portion has an average permeability of less than about 
10 millidarcy, comprising: J 

providing heat from one or more heat sources to the formation; 

allowing the heat to transfer from one or more of the heat sources to a selected 
section of the formation sucp that heat from the heat sources pyrolyzes at least some 
hydrocarbons within the selected section, and wherein heat from the heat sources 
increases the permeability /of at least a portion of the selected section; and 

producing a mixtiire comprising hydrocarbons from the formation. 

53 1 8. The method of claim 53 1 7, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation, and wherein superposition of heat from at least the two heat sources increases 
the permeability of at [least the portion of the selected section. 
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53 1 9. The method of claim 5317, further comprising allowing heat to transfer from at 
least one of the heat sources to the selected section to create thermal fractures in the 
formation wherein the thermal fractures substantially increase the permeability of the 



selected section. 



5320. The method of claim 5317, wherein the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 375 



5321. The method of claim 5317, wherein at least one of the heat sources comprises an 
electrical heater located in the formation. 

5322. The method of claim 53 1 1, wherein at least one of the heat sources is located in a 
heater well, and wherein at least/one of the heater wells comprises a conduit located in 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 

5323 . The method of claim/53 1 7, wherein at least some of the heat sources are arranged 
in a triangular pattern. 

5324. The method of claim 53 1 7, further comprising: 
monitoring a composition of the produced mixture; and 
controlling a pressure in at least a portion of the formation to control the 

composition of the produced mixture. 

5325. The method of claim 5324, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 
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5326. The method of claim 5324, wherein the pressure is controlled such that pressure 
proximate to one or more of the heat sources is greater than a pressure proximate to a 
location where the fluid is produced. 

5327. The method of claim 5317, wherein an avkage distance between heat sources is 
between about 2 m to about 8 m. / 

5328. A method for treating hydrocarbons iryat least a portion of a hydrocarbon 
containing formation, wherein the portion has an average permeability of less than about 
1 0 millidarcy, comprising: / 

providing heat from one or more heat sources to the formation; 

allowing the heat to transfer from/one or more of the heat sources to a selected 
section of the formation such that heat f/om the heat sources pyrolyzes at least some 
hydrocarbons within the selected sectioh, and wherein heat from the heat sources 
vaporizes at least a portion of the hydrocarbons in the selected section; and 

producing a mixture comprising hydrocarbons from the formation. 

5329. The method of claim 5328, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation, and wherein superposition of heat from at least the two heat sources vaporizes 
at least the portion of the hydrocrarbons in the selected section. 

5330. The method of claim 5628, further comprising allowing heat to transfer from at 
least one of the heat sources to the selected section to create thermal fractures in the 
formation, wherein the thermal fractures substantially increase the permeability of the 
selected section. / 

533 1 . The method of cikim 5328, wherein the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 375 
°C. / 
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5332. The method of claim 5328, wherein at least one of the heat sources comprises an 
electrical heater located in the formation. 

5333. The method of claim 5328, wherein at least ohje of the heat sources is located in a 
heater well, and wherein at least one of the heater Wells comprises a conduit located in 
the formation, and further comprising heating theyfconduit by flowing a hot fluid through 
the conduit. / 

5334. The method of claim 5328, wherein At least some of the heat sources are arranged 
in a triangular pattern. / 

5335. The method of claim 5328, further comprising: 
monitoring a composition of the produced mixture; and 

controlling a pressure in at leasit a portion of the formation to control the 
composition of the produced mixture/ 

5336. The method of claim 5335, Wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 

5337. The method of claim 533S, wherein the pressure is controlled such that pressure 
proximate to one or more of the Aieat sources is greater than a pressure proximate to a 
location where the mixture is produced. 

5338. The method of claim/5328, wherein an average distance between heat sources is 
between about 2 m to abouy 8 m. 

5339. A method for treating hydrocarbons in at least a portion of a hydrocarbon 
containing formation, wherein the portion has an average permeability of less than about 
10 millidarcy, comprising: 
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providing heat from one or more heat sources to the formation, wherein at least 
one of the heat sources is located in a heater well; 

allowing the heat to transfer from one or more of the heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyzes at least some 
hydrocarbons within the selected section, and wherein heat from the heat sources 
pressurizes at least a portion of the selected section; and 

producing a mixture comprising hydrocarbons from the formation, wherein the 
mixture is produced from one or more heater wells. 



5340. The method of claim 5339, wherein tip one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



5341 . The method of claim 5339, further comprising producing fluid from at least one 
heater well in which is positioned the heat source of the one or more heat sources. 

5342. The method of claim 5339, further comprising allowing heat to transfer from at 
least one of the heat sources to the selected section to create thermal fractures in the 
formation, wherein the thermal fractures substantially increase the permeability of the 
selected section. 



5343. The method of claim 53^9, wherein the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 375 
°C. 



5344. The method of claim/5339, wherein at least one of the heat sources comprises an 
electrical heater located in the formation. 



heater well, and wherein/ at least one of the heater wells comprises a conduit located in 



5345. The method of claim 5339, wherein at least one of the heat sources is located in a 

i 
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the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 

/ 
/ 

/ 

5346. The method of claim 5339, wherein iit least some of the heat sources are arranged 
in a triangular pattern. 
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5347. The method of claim 5339, further /comprising: 
monitoring a composition of the produced mixture; and 
controlling a pressure in at least ^portion of the formation to control the 

composition of the produced mixture. 

5348. The method of claim 5347, vynerein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 

5349. The method of claim 5347, wherein the pressure is controlled such that pressure 
proximate to one or more of theineat sources is greater than a pressure proximate to a 
location where the mixture is produced. 

5350. The method of claim 5339 wherein an average distance between heat sources is 
between about 2 m to about 8 m. 



25 



30 



5351. A method for treating hydrocarbons in at least a portion of a hydrocarbon 
containing formation, wherein the portion has an average permeability of less than about 
10 millidarcy, comprising 

providing heat from one or more heat sources to the formation; 

allowing the heajt to transfer from one or more of the heat sources to a selected 
first section of the formation such that heat from the heat sources creates a pyrolysis zone 
wherein at least some liydrocarbons are pyrolyzed within the first selected section, and 
allowing the heat to transfer from one or more of the heat sources to a selected second 



section of the format 



on such that heat from the heat sources heats at least some 
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hydrocarbons within the selected second section to a temperature less than the average 
temperature within the pyrolysis zone; and 

producing a mixture comprising hydrocarbons from the formation. 

5352. The method of claim 535 1 , wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the at least two heat 
sources pyrolyzes at least some hydrocarbons/within the selected first section of the 
formation, and wherein superposition of heat from the at least two heat sources heats at 
least some hydrocarbons within the selectee! second section to a temperature less than the 
average temperature within the pyrolysis zone. 

5353. The method of claim 535 1, whe/ein at least some heated hydrocarbons within the 
selected second section flow into the pyrolysis zone. 

5354. The method of claim 5351, Wherein the heat decreases the viscosity of at least 
some of the hydrocarbons in the selected second section. 

5355. The method of claim 535 1/ further comprising allowing heat to transfer from at 
least one of the heat sources to thte selected first section to create thermal fractures in the 
formation, wherein the thermal fractures substantially increase the permeability of the 
selected first section. 

5356. The method of claim i>35 1 , further comprising allowing heat to transfer from at 
least one of the heat sources' to the selected second section to create thermal fractures in 
the formation, wherein the/thermal fractures substantially increase the permeability of the 
selected second section. 

5357. The method of daim 5351, wherein the heat is provided such that an average 
temperature in the selected first section ranges from approximately about 270 °C to about 
375 °C. 
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5358. The method of claim 5351, wherein the heat is provided such that an average 
temperature in the selected second section ranges from approximately about 180 °C to 
about 250 °C. ^ 

5 5359. The method of claim 5351, wherein a viscosity of at least some of the 

hydrocarbons in the selected second section ranges from approximately about 20 
centipoise to about 1000 centipoise. 

5360. The method of claim 535 1 , wherein ajf least one of the heat sources comprises an 
10 electrical heater located in the formation. 
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5361 . The method of claim 535 1 , wherein at least one of the heat sources is located m a 

Ri / 

41 heater well, and wherein at least one of the heater wells comprises a conduit located in 

i*« / 

s = the formation, and further comprising heating the conduit by flowing a hot fluid through 

3 s5 \ 

^35 the conduit. 



5362. The method of claim 5351, further comprising: 

monitoring a composition of /the produced mixture; and 
p controlling a pressure in at least a portion of the formation to control the 

^io composition of the produced mixture. 



5363 . The method of claim 5362, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 



25 5364. The method of claim 5362, wherein the pressure is controlled such that pressure 

/ 

proximate to one or more of the heat sources is greater than a pressure proximate to a 
location where the fluid is produced. 



5365. The method of claim 5361, wherein the pressure in the selected second section is 
30 substantially greater than the pressure in the selected first section. 
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5366. The method of claim 5351, wherein at least some of the heat sources are arranged 
in a triangular pattern. 

5367. The method of claim 5351, wherein an average distance between heat sources in 
the selected first section is less than an average d/stance between heat sources in the 
selected second section. / 

5368. The method of claim 5351, wherein the heat is provided to the selected first 
section before heat is provided to the selected second section. 

5369. The method of claim 5351, whereii the selected first section comprises at least 
one production well. / 

5370. The method of claim 5351, whe/ein an average distance between heat sources in 
the selected first section is between about 2 m to about 10 m. 

5371. The method of claim 5351, wherein an average distance between heat sources in 
the selected second section is between about 5 m to about 20 m. 

5372. The method of claim 535 1 iwherein the selected first section comprises a planar 
region. / 

5373. The method of claim 5351, wherein at least one row of the heat sources provides 
heat to the planar region. / 

5374. The method of claim 5373 wherein a length of a row is between about 75 m to 
about 125 m. / 

5375. The method of claijb 5372, wherein the planar region comprises a vertical 
hydraulic fracture. / 
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5376. The method of claim 5375, wherein a width of the vertical hydraulic fracture is 
between about 0.3 cm to about 2.5 cm. 



/ 

T 
t 

J 

5377. The method of claim 5375, wherein a length c>f the vertical hydraulic fracture is 
between about 75 m to about 125 m. 

5378. The method of claim 5351, wherein at lea^t one ring comprising the heat sources 
provides heat to the selected first section. 

5379. The method of claim 5378, wherein at/least one ring comprising the heat sources 
provides heat to the selected second section/ 

5380. The method of claim 5378, wherein the ring comprises a polygon. 

5381. The method of claim 5378, whferein the ring comprises a regular polygon. 

5382. The method of claim 5378, wherein the ring comprises a hexagon. 

5383. The method of claim 5378, wherein the ring comprises a triangle. 

5384. A method for treating hydrocarbons in at least a portion of a hydrocarbon 
containing formation, wherein the portion has aii average permeability of less than about 
10 millidarcy, comprising: / 

providing heat from three or more heat sources to the formation; 

allowing the heat /) transfer from three or more of the heat sources to a selected 
section of the formation/such that heat from the heat sources pyrolyzes at least some 
hydrocarbons within th^ selected section, and at least three of the heat sources are 
arranged in a substantially triangular pattern; and 

producing a mixture comprising hydrocarbons from the formation. 
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5385. The method of claim 5384, wherein superposition of heat from at least the three 
heat sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

5386. The method of claim 5384, wherein the mixture is produced from a production 
well located in a triangular region created by at least'three heat sources. 

5387. The method of claim 5384, further comprising allowing heat to transfer from at 
least one of the heat sources to the selected section to create thermal fractures in the 
formation, wherein the thermal fractures substantially increase the permeability of the 
selected section. 

5388. The method of claim 5384, wherein^he heat is provided such that an average 
temperature in the selected section rangesyfrom approximately about 270 °C to about 375 
°C. 

5389. The method of claim 5384, wherein at least one of the heat sources comprises a 
electrical heater located in the formation. 

5390. The method of claim 5384, wherein at least one of the heat sources is located in a 
heater well, and wherein at least one of the heater wells comprises a conduit located in 
the formation, and further compris/ng heating the conduit by flowing a hot fluid through 
the conduit. 

5391. The method of claim 53p4, wherein at least some of the heat sources are arranged 
in a triangular pattern. 

5392. The method of claW5384, further comprising: 
monitoring a composition of the produced mixture; and 
controlling a pressure in at least a portion of the formation to control the 

composition of the produced mixture. 
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